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Ribosome inactivating proteins (RIPs) are a family of proteins, which have 
captured the attention of many researchers on account of their potentially 
exploitable bioactivities. They can attack ribosomes and catalytically cleave the 
N-glycosidic bond at A4324 in rat 28S RNA resulting in inhibition of protein 
synthesis. In addition to rRNA N-glycosidase activity, many RIPs display a variety 
of other biological and enzymatic activities. However, a clear function of RIPs in 
plants has yet to be elucidated. 
A novel RIP, hispidin, has been purified and characterized, from the seeds of 
the hairy melon Benincasa hispida var. chieh-qua. The RIP, hispidin, was purified 
to homogeneity with a procedure involving affinity chromatography on Affi-gel 
Blue Gel, cation exchange chromatography on CM Sepharose Fast Flow, followed 
by cation exchange chromatography on Mono S and finally by gel filtration on 
Superdex 75. By SDS-PAGE, its molecular weight was determined to be 21 kDa. 
which is smaller than the reported molecular weights of type I RIPs which are 
around 30 kDa. It acted on ribosomal RNA, releasing a specific Endo's fragment 
from the 28S ribosomal subunit. It potently inhibited protein synthesis in rabbit 
reticulocyte lysate with the concentration causing 50% inhibition (i.e. ICso) at 
165pM. It also displayed ribonuclease activity and anti-fungal activity. The study of 
new RIPs, such as hispidin, leads to a better understanding of their biology and 
diversity. 
Arginine-glutamate rich polypeptides (AGRPs) is a relatively new class of 
proteins with only four AGRPs reported so far from same plant species. These 
Xl 
proteins are primarily thought to be storage proteins with no other biological 
activity known to date. Four other peptides with cell-free protein synthesis 
inhibiting activity and interesting sequence homologies like AGRPs have been 
isolated and characterized. The chromatographic techniques used for purification of 
these proteins were essentially similar involving anion exchange chromatography 
on DEAE-cellulose, cation exchange chromatography on CM-Sepharose fast flow 
and MonoS and gel filtration on Superdex -7 5 as the final step. 
Momorchin was purified from the bitter gourd (Momordica charantia) seeds 
with molecular weight of 9.7 kDa. The N-terminal amino acid sequence of 
momorchin exhibited considerable homology to the 7.8-kDa napin-like protein 
previously purified from bitter gourd seeds. It was also found to be rich in arginine, 
glutamate and glutamine like the four AGRPs purified from sponge gourd (Luffa 
cylindrica) seeds. It inhibited cell-free protein synthesis in a rabbit reticulocyte 
system with an ICso of 400 nM .It also displayed N-glycosidase activity with the 
production of a 470-basepair fragment but it was unlike the characteristic Endo's 
band produced by other RIPs. 
From the seeds of sponge gourd (Luffa cylindrica) a single chained protein, 
luffacylin with a molecular weight of 7.9 kDa, was isolated. It showed considerable 
homology to 6.5 kDa AGRP purified from the same plant, but it also displayed 
strong cell-free protein synthesis activity with an ICso of 0.14 nM which is with in 
the range of other known RIPs. It also showed N -glycosidase activity with the 
production of a 460-basepair fragment which is similar to the a-fragment produced 
from luffin-S, a small RIP from the same plant species but unlike the characteristic 
Endo's band from other typical RIPs. Luffacylin also displayed anti-fungal activity 
Xll 
and ribonuclease activity. 
Two other proteins purified from the winter melon (Benincasa hispida var. 
dong-qua) seeds are named a- and p- benincasins. a- and p- benincasin possessed 
a molecular weight of 11 and 10.6 kDa respectively. N-terminal amino acid 
sequence of these proteins showed considerable homology with each other and they 
were also found to be rich in arginine, glutamate and glutamine, hence justifying 
their classification as AGRPs. a-benincasin inhibited cell-free protein synthesis 
strongly with an rc50 of 20 pM but p-benincasin had a weaker rc 50 of 320 pM. 
Both these proteins displayed some ribonuclease activity towards tRNA and 
a-benincasin also exerted species specific anti-fungal activity. 
Finally, two low-molecular-weight proteins were isolated from pumpkin 
(Cucurbita moschata) seeds named as a- and p-moschins. Both a- and p-moschin 
possessed a molecular weight of 12kDa. N-terminal amino acid sequence of 
a-moschin displayed considerable homology to Drosophila melanogaster 
programmed cell death gene product whereas p-moschin had homology with prepro 
2S albumin, a storage protein, from pumpkin. Besides these homologies moschins 
were also found to be rich in arginine, glutamine and glutamate like other AGRPs. 
a- and p-moschin inhibited cell-free protein synthesis with an IC50 of 17 J.lM and 
300nm respectively and they did not display any ribonuclease activity. 
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1.1 Ribosome-inactivating proteins (RIPs) 
Ribosome inactivating proteins (RIPs) are a group of naturally occurring plant 
proteins with a RNA-N-glycosidase activity which depurinates rRNA at a specific 
universally conserved position (e.g. cleavage of N-glycosidic bond of a specific 
adenine of 28S rRNA). These proteins are found in different parts of plants, in 
concentrations ranging from a few micrograms to several hundred mg per 100 g of 
plant tissues. 
Type 1 ribosome-inactivating proteins are more common and have been 
identified and purified from more than 30 plants. Type 2 RIPs consist of two 
polypeptide chains, both necessary for the toxin molecule to act: an A chain which 
damages ribosomes through its enzymatic activity, and a B chain, with lectin properties, 
which binds to galactosyl-terminated receptors on the cell surface, allowing the entry of 
the A chain. 
The physiological role of ribosome-inactivating proteins still needs to be 
elucidated. It is generally believed that this group of proteins plays a role in plant 
defense, for example, as antiviral agents to prevent the plants from viral infection. 
RIPs are also found in bacteria. These cytotoxins - Shiga toxin produced by 
Shigella dysenteriae type I, Shiga-like toxin I and II produced by strains of 
3 
enterohemorrhagic Escherichia coli - are also N-glycosidases similar to type II plant 
RIPs which consist of one enzymatic submit and one binding (Fong et ai., 1991). 
RIPs causIng cytotoxicity are being exploited for designing 
immunotoxins/hormonotoxins using heterobifunctional conjugates. These carrier 
conjugates with the RIPs can influence cellular trafficking and inhibition of protein 
synthesis. We are witnessing a novel protein from plants that can be utilized for various 
therapeutical treatments ranging from cancers to AIDS and other viral diseases of 
present times. 
4 
1.2 General Properties of RIPs 
1.2.1 Structure 
1.2.1.1 Type I and type 11 RIPs 
Traditionally, RIPs were divided into two groups based on the number of 
subunits they possess (Fig. 1.1) (Stirpe et aI., 1992). Type I RIPs are made up of a 
single polypeptide chain with N-glycosidase activity. The other group, type II, consists 
of two polypeptide chains joined by a disulfide bond. Both types of RIPs exert their 
inhibitory effect on protein synthesis in the same manner. A comparison of the two 
types of RIPs is shown in Table 1.1. Table 1.2 lists the examples of RIPs of various 
types. 






Fig. 1.1 Structure of type I and II ribosome-inactivating proteins. 
Table 1.1 Classification and examples of purified RIPs (Barbieri et aI., 1993) 
Family, genus and species Plant tissue RIPs pu rifled 
Type I RIPs 
Asparagaceae 
Asparagus officinalis Seeds asparin 1, asparin 2 
Caryophyllaceae 
Agrostemma githago seeds agrostin 2, agrostin 5, etc. 
Dianthus caryophyllus leaves dianthin 30, dianthin 32 
Cucurbitaceae 
Citrullus colocynthis seeds colocin 1, colocin 2 
Cucumis melo seeds melonin 
Euphorbiaceae 
Croton tiglium seeds erotin 2, erotin 3 
Hura crepitans latex Hura crepitans RIP 
Manihot palmara seeds Mapalmin 
Nyctainaceae 
Mirabilis jalapa tissue culture MAP 
roots MAP 
Phytoiaccaceae 
Phytolacca an1ericana leaves, seeds and roots PAP, PAP II, PAP-S, etc. 
Phytolacca dioica seeds PO-S 1, PO-S2, PO-S3 
Phyotolacca dodecandra leaves Oodecandrin 
Poaceae 
Hare/el{ln vulgare seeds barley RIP 
Secale cereale seeds Secale cereale RIP 
Zea Inavs seeds Illaize RIP 
(to be continued) 
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Table 1.1 Classification and exatnples of purified RIPs (continued) 
Type 11 RIPS 
Family, gen us and species Plant tissue RIPs pu rifled 
Eu phorbiaceae 
Ricinus communis seeds Ricin 0, Ricin E, etc. 
Fabaceae 
Abrus precatorius seeds Abrin a, abrin b 
Passifloraceae 
Adenia digitata roots Modeccin, modeccin 6B 
Adenia volkensii roots volkensin 
Sambucaceae 
Sambucus ebulus leaves ebulin 1 
Viscaceae 
Phoradendron californicum leaves P. californ. Lectin 
Viscum album leaves . . Vlscumln 
Type IV RIP (non-toxic) 
Cucurbitaceae 
Momordica charantia Seeds Momordica charantia 
agglutinin 
Euphorbiaceae 
Ricinus communis seeds 
Fabaceae R. communis aggl utin 
Abrus precatorius seeds 
A. precatorius agglutinin 
Type IV RIP (toxic) 
Viscaceae 
Viscum album leaves V album agglutinin 
Small RIP 
Cucurbitaceae 
Luffa cylindrica seeds luffin-S 
Momordica charantia seeds y-momorcharin 
Table 1.2 Comparison of two types of RIPs 
Type I Type II 
Polypeptide chain (no.) 1 2 or 4 
Molecular mass (kDa) 26-30 60 - 135 
Inhibition of protein synthesis (IC50, nM) 
Cell-free (rabbit reticulocyte lysate) 0.05 - 4 0.04 - 3.5 
HeLa cells 200 - 900 0.0003 - 0.008 
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The majority of the RIPs found to date belong to type I, the molecular weight of 
which ranges from 26 kDa to 30 kDa. Recently, several small type I RIPs have been 
purified with molecular weights of approximately 10kDa (Gao et aI., 1994; Pu et aI., 
1996). Type I RIPs exhibit low toxicity towards intact cells. The IC 50 value 
(concentration giving 50% inhibition) on intact cells is between 200 and 900 nM. On 
the other hand, they are potent inhibitors in the cell-free protein synthesis system (lC 50 
between 0.05 and 4 nM) (Table 1.1). In contrast to type II RIPs that only inactivate 
eukaryotic ribosomes, these single-chained RIPs show activity toward not only 
eukaryotic ribosomes, but also prokaryotic ribosomes (Chaddock et aI., 1994). 
Type II RIPs, as the name implies, consist of two subunits linked by a disulfide 
bond. There is an A-chain with N-glycosidase activity, and a B-chain with a galactose-
specific lectin domain that can bind to the cell surfaces. The molecular weight of the A-
chains of type II RIPs is similar to that of type I RIPs while that of B-chains is slightly 
higher. 
Type II RIPs are generally less abundant than type I RIPs. They are found only 
in a few plant species from the families of Euphorbaceae, Fabaceae, Passifloraceae, 
Sambucaceae and Viscaceae. Owing to the presence of lectin activity of B-chain 
(Figure 1.1), which is able to bind to the cell surface, the intact protein is highly 
cytotoxic (Table 1.1). The disulfide bond is reduced on entering the cell. However, 
intact type II RIPs generally exhibit no activity on ribosomal RNA. They are only 
effective in inhibiting protein synthesis 'vvhen the two chains are separated by reduction 
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of the disulfide bond. Actually the N-glycosidase activity is bound with its A-chain 
(Endo et aI., 1987a). 
Type IV RIP is a new class of RIP in an extended classification system (Citores 
et aI., 1993). Its members are four-chain agglutinins composed of two enzymatic A 
chains and two binding B chains. Examples are Ricinus communis agglutinin (RCA) 
and Viscum album agglutinin (V AA). They inhibit in vitro translation in the 
mammalian system and possess N-glycosidase activity. Among this category, only 
V AA displayed mild toxicity to mice after intraperitoneal injection and was ten-fold 
less toxic than that of ricin while other agglutinins were not toxic to mice at 
concentrations below 33 Jlg per kg of body weight. Accordingly, four-chain agglutinins 
can also be divided into toxic and non-toxic subclasses (Table 1.2). 
Non-toxic type II and type IV RIPs may be defective in cell binding, membrane 
translocation, intracellular routing or more susceptible to degradation so that the intact 
A chains cannot reach the cytosol to exert their inhibitory effects as they do in cell-free 
system. It may be due to the degree and type of glycosylation, which promotes the 
clearance of the toxins frolll the blood stream or inside the cells (Fulton et aI., 1986). 
This poses an interesting question for further investigations and may shed light on how 
their toxic counterparts are internal ized and ki 11 the cells. 
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1.2.1.2 Small RIPs 
Recently, two small RIPs were discovered, namely luffin-S (Gao et aI., 1994) 
and y-momorcharin (Pu et aI., 1996). Luffin-S, where'S' means small lTIolecule, was 
purified from the seeds of Luffa cylindrica, from which two type I RIPs luffa-A and B 
were also found. It has a molecular weight of about 10 kDa and is a novel 
phosphodiesterase, acting in a way similar to the fungal RIP a-sarcin. Fungal toxin a-
sarcin can inactivate the 60S subunits in a distinctive manner. It cleaves the single 
phosphodiester bond between G4325 and A4326 in rat liver 28S rRNA and releases a 
fragment of 393 nucleotides (a-fragment) (Chan et aI., 1983), showing ribonucleolytic 
activity. So far, there is no report on plant RIPs acting in this way. Its inhibitory 
potency in the cell-free translation system involving rabbit reticulocyte lysate is 
comparable to trichosanthin (TCS) and a-sarcin. The IC50 values of luffin-S, TCS and 
a-sarcin are 3.4x10- lOM, 2.9x10- 10 and 8.8x10-1O M respectively. The positive result of 
PAS staining indicated that luffin-S is a glycoprotein. Amino acid composition 
indicates that luffin-S contains fairly high quantities of acidic amino acids (Glx) as well 
as basic amino acids (Arg), which is quite different from luffin A (or B), a-sarcin and 
RNase A, suggesting that luffin-S is not likely to be an active fragment resulting from 
degradation of these intact toxins. Unlike other RIPs, which are N-glycosidases, luffin-
S directly cleaves the large rRNA and generates directly the diagnostic Endo's band 
(RNA fragment) on agarose gel without acid aniline treatment. When naked rRNA was 
used as substrate instead of intact ribosomes, luffin-S degraded all large rRNA while a-
sarcin produced discrete fragments by cleaving the rRNA at multiple sites, 





1 2 3 4 S 
S-fragment 
Fig. 1.2 The effect of purified Luffin S on ribosome. Total rRNA was extracted from 
reaction mixtures and analyzed on a 1.8% agarose gel. Lane 1, 2, 3, 4 and S were 
substrate only, a-sarcin (O .S f.lg/ml) , Luffin-S (40 f.lg/ml), subtilisin-treated Luffin-S 
(40 f.lg/ml) and RNase (1 unit) (Gao et al." 1994). 
On the other hand, y-momorcharin with a molecular weight of 11S00Da, which 
was purified from the seeds of Momordica charantia, is a basic protein with an 
isoelectric point of 9.S similar to other type I RIPs. It possesses RNA N-glycosidase 
activity although it has a higher le so value (SSnM) in inhibiting protein synthesis in 
the cell-free system than most of the other RIPs. Still it exhibits the RNA N-
glycosidase activity at the molar ratio of enzyme/substrate as Iow as 1 :220 and 
depurinates adequately as most of the other RIPs. It contains no neutral sugar while 
both a- and ~-momorcharins prepared from the same source are glycoproteins which 
can be stained by periodic acid/Schiff stain and have a neutral sugar content of 1.6% 
and 1.30/0 respectively (Yeung et aI. , 1987a). However, y-momorcharin does not exhibit 
superoxide dismutase (SOD) and endonuclease activities. This demonstrates that the 
11 
lilnited alnino acid residues of y-momorcharin are not enough to construct other active 
sites (Pu et at., 1996). 
1.2.2 Distribution 
Studies on the distribution in the plant kingdom of the species containing RIPs 
are still scarce. Most of the RIPs purified to date are from angiospermae, both 
Monocotyledonae and Dicotyledonae, but none has been purified from the class of 
Gymnospermae. Translation-inhibitory activities were found in many more species 
from screening results, though they were not sufficient to prove the presence of RIPs. 
On the other hand, usually one particular part of the plant was tested (such as seeds) 
while the fact is that RIP may be only present in another part of the same plant e.g. in 
Hura crepitan, RIPs are found in the latex but not in the seeds (Barbieri et aI., 1993). 
Moreover, the level of expression of RIPs in plant tissues may be increased by viral 
infection (Girbes et aI., 1996), stress, senescence (Stirpe et aI., 1996) and may vary 
during tissue development as in Sorghum caryopsis development (Seetharaman et aI., 
1996). Hence, RIPs are probably widely distributed in Angiospermae although a 
conclusive study has still to be made. 
Different forms of RIPs may be present in different parts of the same plants or 
even in the same anatomic structure. For instance, from the roots, seeds and leaves and 
Saponaria officinalis L. seven major saporins, all type I RIPs, were purified. Even from 
the same tissues, they are very different not only in physicochemical characteristics 
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such as glycosylation but also in biological activities such as ICso in different in vitro 
translation systetn (Ferreras et a\., 1993). The isoforms come from not less than three 
different classes of genes, which fonn a multigene family (Benatti et aI., 1991). 
There was a report that type I and type II RIPs were found coexisting in the 
same tissue of a higher plant (Ling et ai., 1995). From the seeds of camphor tree 
(Cinnamomum comphora) , a type I RIP camphorin and three isoforms of a type II RIP 
cinnamon in were purified. Both of them are glycoproteins and their molecular weights 
are estimated to be 23 kDa respectively. It is the first report that an intact type II RIP 
exhibits RNA N-glycosidase activity without separating the A and B chains although 

























o ( N F N L L G G r GAT Y K QIF I K N L R T T L T VG 5 P I V E G - - - I ? V L -
€O~?-IK SIEGATSQSYKQF EA{.RE.ltLRGG--(.IHO ·- -~ i'V 
F P K Q Y P N , r TAG A T V Q 5 Y T N F RAY R G R L T T G A 0 V R H E - - - P Y L 
F P K Q Y P IN F T TA 0 A T YES Y T NIP ( R A V R S H LIT a A D v R H E - - - ( P Y L P 
o Y R 5 L S G S S 5 T 5 Y S K FIG 0 L R K ALP S N a T v - Y N - - - L T ( L L 
o v S F R L ;; CAD P R S Y G M r I K 0 L RNA L P F R E K V - Y N - - - I P L L L 
o V S F R L S 0 • .-\ T S S S Y () vI I' I S MLR K A L .. N 2 R K L - Y 0 - - - I ? L L -
I N 7· I T r 0 A 0 N A TIN K '( A TillF. M e S L R l'J f.: A X D l' S l K <: Y G - - - I P M L i' 
A ? T LET I A S L D L N N P T T Y L S · F j T N I R r K Y" 0 K i a Q C - T - - - IQ K I ;; 
V T SIT L D L V N , TAG 0 '( S SPI V 0 K I R N N V K D P N L K - Y GOT 0 I A V I C 
A A K M A K ~ v 0 K P L F TAT F N V - 0 ASS A D Y A T 1' 1 I A 0 ( R N K L RN? A H F S H N - - B - P v L P 
70 
. 
K A~ SAS G I.. A R - F L L VH LA N Y" 0 E SlY A L D Y V N V YV V AYR A G N T - .- - ~ - AY L N-
D PT T L Q ERN R - Y I TV E L S N sorES I E Y 0 ( DV T N A YV V AYR ACT Q - .,.. - - -s Y L I -
N. RV 0 L It I N Q It..,!! 11.. v E. I.S N H ~ E L S 'I T L A L 0 V T NAY Y v G Y R A 0 N S - - - - - AYi' F H ? 
NR VG · I.. ;> I S Q .R .:7 ·. F I l; . V S. L S N HA a L S v r l. .... t. DV T · N . A '( V v .:) eRA (i N S ... - - .,.. - .A. Y F rH? 
s • S AS (i A · S -- !t· YT1. .MTL S N . Y 0 0 1( A [ T V A V DV S Q L Y I M G . 'f L V N S r - - - - - S '( F F N .,-
PS v sa A 0 - - R -Y LL .MH Lr: NY 00 KT t T v A {. 01.. iN '1Y I M (j Y ·(, A 0 TT ... - - - - S Y F f N-
RS .;'" S l. ? 0 S Q R .... Y A V f .H L r N Y A 0 e T S Y A I 0 V T N V Y I M G Y RAG 0 T - - - - - S .( F F N -
N T N Sfl - - - ~-y l. c.. VKL Q 0 A 51.. Jt: r T (. ML R It NNt •. '( V. M 0 Y S 01' Y 0 - N I( C R - Y H f F 1'1 
K,. F <T Q- -~ -R~ Y S Y ( 01. .. 1 V S sr Q x ! T 1. A I 0 M,.\ 0 (, Y V l. G Y S 01 A ~{- N iC G P. A f F F - .,.. 
1> P S 1( € - .-:- ~- K,... F t. R. I N F Q s S R ..... 0 T V S L 0 L K R 0 N L Y v '/. A Y l. A M 0 N T N V N RAY Y F· 11. -
P ve ' , N v p p. S R W' HY v L K AS;> T 5 Aa l. T ~ A ! ~A D N .I Y LOG FK S S - - - - - _. - - - - --
100 110 120 
-- 0 A 5 A - E A N .It V L F - ~ - Q - R FA L v T - , Y G 0 N Y D G L 8 T A A - - ,... - a R IS R E K I Y L 0 F 
- ~ OA P $ . - S. A. SoY L F - - - T - G T 0 Q H 5 I.. P FY G T Y G 0 l. E ~W A - - - ~ ~ HQ S R Q Q P L. G t 
o .N Qf () A . ~ . e .. A I T H L F - - - r 0 v Q N R '( r F A F G G ~ Y 0 R ,. Z Q t A - - -- G N L - R E NEt 0 N 
o N qe Pl.-e~, IT H L F - - - i 0 v Q .~ S FT F A f 0 0 N Y 0 R l. e: Q t. - - - - - 0 ° L - it e N I 6 L G T. 
'"' .... £ SO · A XL · ASQ Y v f' - - ... K - 0 S T I Y T l. PY S G N Y E K L Q r A A - - :- - G K i - R e K ( !' L GF 
- .... QPAAKLASQ Y v F - - - R 0 A - R KIT L I' Y S G 1'1 Y E It l. Q I A .... - - "" - G K 1'- It E K l. ? I a L 
~ -EA S. A TE AAI< Y V F - - - K 0 A M R K V T L P Y S G H Y E R L Q T A A - - - - G K I - R E KIP L 0 L 
o I K .. G T E Y $ 0 V·. E N. T le? S S N l' R. V A K ? ( N Y N G L Y ? T l. E K K A - - - - G v TS R N £ Y Q L 01 i 
- ... K 0 V TEA v ANN f f - PGA T G T N R 1 K L r r T G S Y G D I. E K N - - - -- G G t. - It K 0 N P LjOl 
- - s . E . !. r S A £ $ TAL. !' ... I' G Air A N Q K ALe. '( T a 0 Y Q $ lE . K N A Q : r Q G 0 Q 5 R K E L G Lloll 
- - S 0 G T W W e L r P (j LIP GAT ... - - - - y v Ci fOG T Y R D L !. a 0 T D - - - - K l. - - T N V A l.l£j R 
1$0 170 
SEC S EMS S A I G S M f H Y T T - - -- - G T - S Y ? K A F I V I - ... - I Q S v SEA A It f' K Y E Q R V S E N 
AM Q A L T H 0 I S - - - f FRS - ... - - a G NON E. E K A R. T L I'll - I Q M V A E A A R FRY S N .It V it. V S 
RlC GP!. E E A I S .A L Y Y Y :; T - - - - OaT Q L P Tt... R S F [ I C - I Q M I SEA A R F Q Y I E (} E M R r }\ 
~A G'LEDAISALVYYST----carQI PTLARSFMVC-IQMIS&AARFQV EGfMRTR 
LUFa: ? A 1. 0 SAl. T T I F It Y 0 S - - - - - - - - - T A A A A A F L V I - L Q T T A E A S R F K Y E 0 Q I I e R 
MOM l' A I 0 S . A f S T L L H Y () S - - - - -- - - - T A A ;>. GAL L V l. - ( Q T T A € A ARE lC Y E Q Q I Q E It 
~ PALOSArTTl.FYYNA---------NSAASALMVL-IQST$EAARYKF EQQIGKR 
PAP Q . ( . LS S [)! G .K I S G QO S - - - - - - f r e K I E A K F L L V A - I Q M Y $ e .,1. A R F r. YEN Q V KT N 
MAP r R L eNS · r v N I Y OK A G .,. - - - . - - - [) Y lC K Q A K f f (, L A- I Q M V SEA A tl. F K Y ISO K I ? S E 
SAP Ol,. .. l. . S i Slot . E A 'I N K KA R -- -- .... -- v v K 0 EAR F L LI A- ! Q M T A E .A A R F R I I Q N {. v ! K N 












190 200 210 
v .... e: T .K ;.. . F L I' D i' A f LS E Q I Q I A Q r R G (j K FAR P v EV R. S V S N T 
I Q~OT~' Q P 0,1. A M I 5 L E - - - - - N H- ON L S R G v Q g s Y - - Q D T F P N Q Y TL T HI RN S 
I RYN RR S .0\1' [) ? S V I T l. g- - - - .... N S - W G It L S T A Q S S N - - Q 0 A F ASP I Q I. Q R R N OS 
I R · Y NR ~ SA PO' 5 V ! T L E ~ - - - - N S - G R L S TA Q E 5 N - - Q 0 A , A $ P IQ L Q R RN OS 
I--SKNQVYSI.ATI SL&---~-NSLWSALSKQ KLAQTHNGTf'KTPVVITDDKOQ 
A~-YROEV?$rATLS .!'8---~-NSLWSGL~KQ QLAQGNHO'fRT'IVLVONXON 
v - ~ 0 X T F !. P S LA I I S l. E - - ~ - -N S - W S A I.. S K Q IQ t A 5 T N N 0 Q , g s p v V L I N A q N Q 
P--NROPSPNDKVLD~€----EN-- OKI StAIHNSK--NGA~PKPLgt.KNADG .T 
K~-YEEVTYDEYMTAL&----NN-~WAKL-TAVYHSK'STTTATK-CQLATSPVr 
f'~-PNX'NSeNKYIQFS----YN-- K~I 5TA1YODAK-NOYFHKOYOfOFOKYR 
L - H P K A Y I K KS G K ION EM K A Q V.H a - Q D L 5 A ALL K T N V K P P P 0 K SPA K FTP I & ~ M 
DO 250 
S~ PI [-I/SDVSS-'VVKOIA----LLI.YYKYNYGTONYVVKVLVTHQTTMW 
.... RB -I' v ... J ,V 0 - - S - L S H l' T 1/ A V - t. A L M l. F V C N P P N 
ruc K F S .;. v y 0 Y - S - I L I ? - - - I .., I A L M v Y ReA P , P S S Q 
ReA K I" N ;... v Y 0 v ... S - I !. t P -- - I - I A I.. M V Y It C . .t.. P PPS S Q 
LtJPi!. R V E - ITN YTS K - V v r - K N [ Q L - L L N Y X, Q N v A 
MOM R v Q - ITN V r S K - v V T S - N ( Q - - L L L N T R 1-1 I .... EGO 
TRl Ryr- !TNVDAO-VVTS-N [A--LLLNRNNMA 
PAP K -- WI 'I L - - - Po - V 0 E. 1 X. - P D V G L L N Y Y NOT C Q ,4. T 
MAP IS? W I ~ - - - - X T V EEl K - I. Y MOL I. 1< S S 
SAP Q v K 0 l. Q - - - - - - - - - - ... - - - MOL L M Y L G K P X 
BAR G Y R T A E Q A A A T l. 0 ( L L F V E v P 0 0 L T V A K A l. ELF HAS G G ~ 
Fig 1.3 Comparision of deduced amino acid sequence of several type I RIPs and A-
chains type II RIPs. The amino acid sequence of abrin A chain (ARB), ricin A chain 
(RIC), Ricinus communis agglutinin (RCA), luffin-a (LUFa), momordin (MOM), 
trichosanthin (TRI), pokeweed antiviral protein-S (PAP), Mirabilis antiviral protein 
(MAP), saporin (SAP), barley translation inhibitor (BAR) and sechiumin (SEC) were 
arranged to their similarities. The competely conserved residues are boxed, while the 
highly conserved hydrophobic and positively charged residues are marked by asterisks 
(*) and plus (+), respectively (Wu et aI., 1998). 
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1.2.3 Physicochemical properties 
All type I RIPs show similar physicochemical properties, including a molecular 
weight of about 30 kDa and a very basic isoelectric point (pi), usually higher than 9. 
The molecular weights of the A chains of type 11 RIPs are similar to those of type I 
RIPs, while those of B chains are slightly higher. Most RIPs of either type are 
glycoproteins with exceptions such as trichosanthin (TCS), saporin and abrin A chain 
(Barbieri et aI., 1993). The carbohydrate content varies in quantity and composition of 
sugar residues, including glucose, galactose, fucose, mannose, xylose and N-acetyl-D-
glucosamine. Glycosylation does not seem to affect the enzymatic activity of the RIPs 
since recombinant ricin A chain produced by E. coli and other naturally non-
glycosylated RIPs are equally potent as other glycosylated ones. However, 
glycosylation may play an important role to the degree of toxicity of the RIPs when 
injected into live animals because it may affect the half-lives in circulation and 
internalization by body cells. The presence of mannose residues in both chains of ricin 
, allows its recognition by cell-surface lectins of non-parenchymal rat liver cells, whereas 
parenchymal cells can recognize the fucose residue present on the A chain. 
Immunotoxins containing ricin or ricin A chain may be partially cleared from the blood 
stream by liver cells instead of reaching their intended target cell. 
Studies on the uptake by macrophages of native and deglycosylated ricin 
showed that the two forms of the toxin follow different intracellular routes and that the 
mannose receptor pathway more efficiently translocates the A chain to ribosomes 
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( inl1nons et aI., \986). A partial or conlp\etc mnino acid sequence has been reported 
for mo t of the RIP deduced fronl equencing of a genolnic clone, a cDNA cl ne or 
frolll direct sequencing of the purified protein. Sil1lilarity in the prilnary structure of 
different RIPs \,yill only be about 200/0, although the percentage of hOlllology increases 
in proteins from taxonol11ically related species - even within the same family , there 
ITIay only be 50 - 600/0 hOlnology. Alllino acid sequence homologies are very high in 
three regions that have been proposed to be involved in enzymatic activity (Habuka et 
aI. , 1992). These correspond to sequences surround ing a cleft that has been seen in the 
structure of ricin A chain. This cleft has been proposed as the active site and 
mutagenesis studies support that view (Robertus et aI., 1996). 
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1.3 Enzymatic activities of RIPs 
1.3.1 N-gJycosidase activity 
N-glycosidase activity is a unique property possessed by ribosome-inactivating 
proteins. RIPs exert their N-glycosidase activity by acting on the larger ribosomal 
subunits and catalytically hydrolyzing a specific N-glycosidic bond between adenine 
and the carbohydrate backbone. This process is called depurination (Figure 1.4) 
(Hartley et aI., 1991). 
Endo and his colleagues using ricin A chain as an example determined the 
mechanism of inactivation of the ribosomes by RIPs (Endo et aI., 1987). The action is 
highly specific in that only a single N-glycosidic bond between adenine and ribose at 
nucleotide A4324 of the rat liver 28S rRNA is hydrolytically cleaved. The exposed 
phosphodiester backbone is susceptible to cleavage by aniline in acidic condition. As a 
result, the RIP-modified rRNA releases a diagnostic RNA fragment (Endo's band) of 
about 400 base pair in size, which can be visual ized after agarose gel electrophoretic 
analysis. In contrast, the fungal RIP a-sarcin breaks the phosphodiester bond directly 
between G4325 and A 4326, generating a a-fragment similar to the Endo's band 
without aniline treatment (Fig.I.1). The specific deadenylation of ribosome interferes 
with the translocation process of translation by inhibiting the GTP-dependent binding 
of elongation factor-2 (EF-2) to ribosomes, the EF-2 dependent GTP hydrolysis and 







Aniline treatment at acidic 
3' 
~-fragment 
450 bp RNA fragment 
Fig. 1.4 The mechanism of action of RIPs. A single adenine base is cleaved by the N-
glycosidase activity of RIPs, which subsequently renders the phosphate-carbohydrate 
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Fig. 1.5 Effect of ricin A-chain on rat liver 80S ribosomes resulting in a 450-nucleotide 
fragment known as Endo's band (Endo et aI., 1987) 
A plausible mechanism of the cleavage of the N-glycosidic bond has been 
proposed (Monzingo et aI., 1992). A nonhydrolyzable analog of AMP, formycin 
monophosphate (FMP), was diffused into ricin crystals and observed by X -ray analysis. 
Binding of the ribose by Glu 177 and stabilization of a cationic form is accompanied by 
protonation of the adenine ring by Arg180. These two residues bind a water molecule 
which attack the ribose at Cl'. This is one side of the proposed active site (residues 
172-185 in RT A) and is well conserved in the RIP family. On the second side of the 
active site containing Gln208, Asn209 and Trp211, the two amides interact through 
hydrogen bonding to keep the nucleotide backbone in position. A third side is made up 
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of two other invariant amino acids, Tyr80 and Tyr123, which apparently help to capture 
the adenine ring by stacking the nucleotide between the aromatic rings of the tyrosine. 
The specificity of RIPs towards their ribosome substrates varies considerably 
although the stem loop structure ( a-sarcin loop) of the ribosome at the site of action is 
well conserved. For example, ricin A chain (RTA) and A chain of abrin are highly 
active towards mammalian ribosomes, weakly active towards plant ribosomes and 
totally inactive on Escherichia coli ribosomes. In contrast, pokeweed antiviral protein 
(PAP) is active on ribosomes from all of these sources (Chaddock et aI., 1994). 
However, the target adenine is removed from deproteinised 235 rRNA from E. coli by 
RT A but not from denatured rRNA (Endo et aI., 1987), which suggests that ribosomal 
proteins affect the conformation of ribosomes in a way that renders the rRNA either 
sensitive or refractory to a given RIP. Recently, experiments have been done to 
investigate the action of RTA and PAP on naked 235 rRNA containing mutations 
designed to affect the structure of the GAGA tetraloop of the E. coli a-sarcin loop 
(Marchant et aI., 1995). The result showed that both the tetraloop structure and g2661 
are required for the action of RTA but not of PAP. Parallel actions of PAP were 
observed with mutated intact ribosomes. Thus, it is demonstrated that the recognition 
elements of RT A and PAP are different. 
In another report (Chad dock et aI., 1996), an initial attempt has been made to 
define structural regions of RTA and PAP that may determine ribosome specificity. X-
ray examination of the hybrid protein structures from peptide and polypeptide swap 
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experilnents revealed two peptide regions of PAP (residues 48 - 55 and 95 - 10 1) 
correlated with ability of the hybrids to deadenylate prokaryotic ribosomes although the 
reason is not clear. Apparently, protein backbone structure and subsequent side-chain 
organization, and the surface charge organization play an important role in the RIP-
ribosome recognition. A deeper understanding of this interaction may allow the 
construction of hybrid RIPs with desired specificity for applications. 
Table 1.3 Nucleotide sequence in rRNA surrounding the adenine removed by RIPs 
(Hartley et ai., 1991) 
Ribosomal RNA Sequence Nucleotides* 
~ 
Escherichia coli 23 S AGUACGAGAGGACC 244 
Nicotiana tabacum chloroplast 23 S AGUACGAGAGGACC 133 
Saccharomyces cerevisiae 26S AGUACGAGAGGACC 368 
Citrus limon 26S AGUACGAGAGGACC 360 
Rattus norvegicus 28S AGUACGAGAGGACC 393 
Indicates the site of cleavage 
* The number gives the distance, in nucleotides, from the target adenine to the 3' 
end ofrRNA 
1.3.2 Polynucleotide:adenosine glycosidase activity 
Previously, the only enzymatic activity possessed by RIPs was known to be N-
glycosidase activity and ribosomal RNA was shown to be the only substrate for RIPs: 
depurination occurs at a precise position corresponding to adenine-4324 of rat liver 28S 
rRNA in a highly conserved loop-and-stem structure (Endo et aI. , 1991). More recently, 
it was found that this group of proteins might have a much wider substrate specificity: 
they are actually capable of releasing adenine from many adenine-containing 
21 
polynucleotides including various RNA, DNA and poly(A) (Table 1.4) (Roncuzzi and 
Gasperi-Campani, 1996; Barbieri et al. , 1997). For example, the type II RIP ricin is 
capable of removing 2' -deoxyadenine from a synthetic dodecanucleotide with a GAGA 
loop, actually at a faster rate than it removes adenine from a similar dodecanucleotide 
with a GAG loop (Olivieri et al. , 1996). However, no bases \vere liberated froln poly(C), 
poly(U), poly(G), or various adenine-containing non-pol ynucleotide compounds such 
as A TP and adenosine. On the basis of these new properties observed, the naIne of 
polynucleotide:adenine glycosidase \vas proposed for RIPs (Barbieri et al. , 1994). 
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Table 1.4 Effect of saporin-L 1 on various adenine-containing substrates (Barbieri et aI., 
1994). 
Substrate Adenine released (pmol) 
Poly (A) 2,038 
Globin mRNA (rabbit reticulocyte) 1,587 
DNA (herring sperm) 747 
Bryonia dioica poly (A)-RNA 524 
Escherichia coli rRNA (16S + 23 S) 435 
Saccharomyces cerevisiae tRNA 425 
Tobacco mosaic virus genomic RNA 371 
Bacteriophage MS 2 genomic RNA 336 
Table 1.5 Depurination of herring sperm DNA, Escherichia coli rRNA and poly(A) by 
RIPs (Barbieri et aI., 1997). 
RIP added Adenine released (pmol) 
Herring sperm DNA rRNA Poly(A) 
Type I barley RIP 1 184 14 0 
bryodin-L 183 7 3 
dianthin 30 4297 316 7 
Gelonin 3 858 195 0 
luffin a 271 5 0 
momordin I 81-118 Traces 0 
Type 11 abrin native 330 13 0 
reduced 475 traces 0 
.. 
native 689 6 0 fICIn 
A chain 185 10 0 
ReA 120 native 220 5 0 
Reduced 121 4 0 
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1.3.3 Ribonuclease (RNase) activity 
Some RIPs inactivate ribosomes by virtue of their RNase activity. Fungal RIPs 
such as a-sarcin from Aspergillus giganteus and restrictocin and mitogillin from 
Aspergillus restructus hydrolyze a specific phosphodiester bond in the 28S rRNA 
adjacent to the N-glycosidic bond cleaved by the plant and bacterial RIPs (Fan do et aI., 
1985; Schindler et ai., 1977), producing an a-fragment. For plants, luffin-S is the only 
known RIP that displays such a specific RNase activity, releasing an S-fragment similar 
in size to the a-fragment. However, the exact cleavage site of luffin-S has not been 
determined yet. 
Recently, it is demonstrated that a- and f3-MMC smear naked rRNA at high 
concentrations and release acid-soluble UV -absorbing products after incubation with 
tRNA (Mock et ai., 1996). Furthermore, when using homoribonucleotides as substrates, 
both MMCs prefer to act on polyU but only weakly on the other three 
homopolyribonucleotides. The nucleotide UMP is released from polyU instead of the 
free base uracil as deduced from analysis by anion exchange chromatography. 
Therefore, both MMCs possess RNase activity with the activity of f3-MMC IS-fold 
stronger than that of a-MMC for the action on tRNA and polyU. Similarly, saporin was 
found acting ribonucleolytically on polyU while the action on polyA involved N-
glycosidic bond cleavage. Hence, such RNase activity with substrate specificity might 
have a common occurrence in RIPs and needs to be proved. 
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1.3.4 Deoxyribonucleolytic (DNase) activity 
Momorcharins (Go et aI., 1992), trichosanthin (Li et aI., 1992) and many other 
RIPs (Ling et aI., 1994) specifically cleave the supercoiled, double-stranded DNAs to 
produce relaxed-circular and linear forms of DNA, although extended incubation did 
not cleave the DNAs further. 




Fig. 1.6 Trichosanthin (TCS) was the RIP first reported to cleave the supercoiled 
circular DNA into linear form. Lanes 1 to 6 were 1 J.lg x174 RF DNA with 0, 0.03, 0.05, 
0.3, 1 and 5 J.lg TCS respectively. N, L, and S were linear, nicked circular and 
supercoiled X174rfDNA respectively. 
Cleavage of supercoiled double-stranded DNA by several RIPs was then studied 
by Ling and coworkers (Ling et aI., 1994). Further reports showed that RIPs like 
gelonin could even act on the single-stranded DNA (Nicolas et aI., 1997). It was of 
interest to find that although intact type 11 RIPs (e.g. ricin from Ricinus communis) 
exhibited no RNA N-glycosidase activity, they were able to cleave supercoiled DNA 
without the reduction of the disulfide bond. This implies that diverged domains of the 
RIP molecule might implement RNA N-glycosidase and supercoil-cleaving activity. 
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The exact biological meaning of these novel activities remains to be ascertained. The 
effects of RIPs on substrates other than rRNA may be related to the antiviral role of 
these proteins. With this activity they could directly inhibit the replication of viruses by 
damaging their genomic or messenger RNA. 
1.3.5 Multiple depurination 
In addition to the specific cleavage of adenine at position 4324 of rRNA, some 
non-specific depurination has also been reported for some RIPs. Barbieri and his 
colleagues are among the earliest to observe that some RIPs (saporins, PAPs, and 
trichokirin) depurinated rat liver ribosomes at more than one site. More than one mole 
of adenine was released from one mole of ribosome (Table 1.5) (Barbieri et aI., 1992). 
Nevertheless, adenine at position 4324 is apparently more sensitive to depurination than 
the others. This new property of multiple depurination is not related to the inhibitory 
activity on cell-free protein synthesis (Barbieri et aI., 1996). The distinctive multiple 
depurination without inhibition of translation indicates that these RIPs accept also other 
different rRNA motifs containing sensitive adenine in the ribosome. In other words, 
some RIPs are not so specific as other RIPs, which release only the A-4324 from each 
ribosome. 
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Table 1.6 Depurination of rat liver ribosome by RIPs (Barbieri et aI., 1992). 
RIPs Adenine released 












1.3.6 Inhibition of protein synthesis 
The direct effect of both type I and of type 11 RIPs (the latter through their A 
chains) on cell structure and function is and irreversible damage to ribosomes, and 
more precisely of their larger subunit (Montanaro et aI., 1973). The mode of inhibition 
of protein synthesis has been attributed to the impairment of the functions of both 
elongation factorsEF -1 and EF -2 (Gessner and Irvin 1980). The location of the target 
adenine is known to be a key-binding residue for elongation factors EF -1 and EF-2 
(Irvin 1994). The cleavage of adenine (A-4324 in rat ribosomal RNA) interferes with 
the EF-1-dependent binding of aminoacyl-tRNA to the acceptor site of the ribosome. 
The EF -2. GDP-ribosome complex formation is also disrupted and this results in the 
inhibition of EF -2-catalysed translocation of acceptor site aminoacyl-tRNA to the 
donor site (Ready et aI., 1983). Thus, elongation of proteins is inhibited causing arrest 
of protein synthesis. 
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Proteins of either type have similar potency in cell-free systems, but have 
different toxicity to cells and animals (Table 1.8) Type II RIPs may be 10-fold more 
potent than type I RIPs in inhibiting protein synthesis by cells in , culture. This 
difference is due to the presence in type II RIPs of a B chain with lectin activity, which 
binds to, and mediates the penetration of the A chain into the cell (Barbieri et aI., 1993). 
Table 1.7 Effects of type I and type II ribosome-inactivating proteins on protein 
synthesis by a cell-free system (lysate of rabbit reticulocytes) and by a whole cell 
system (HeLa cells) and toxicity to mice (Barbieri et aI., 1993) 
Cell-free Whole cells Mouse 
ICso (oM) ICso (nM) LDso (mg/kg) 
Type I RIPs 
Agrostin 2 0.06 l.0 
Barley RIP 2.13 
Colocin 2 0.l3 1410 12.6 
Type II RIPs 
Abrin c 88 0.0039 0.00056 
A chain 0.5 >0.4 
Ricin D 84 0.0011 0.0026 
A chain 0.1 >0.4 
Modeccin 45 0.0003 0.0023 
A chain 2.3 
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1.4 Biological activities 
1.4.1 Interaction of ribosome-inactivating proteins with cells 
The mechanism of entry into cells of protein toxins with intracellular sites of 
action has been the object of many studies in recent years (Olsnes et aI., 1988). 
Nevertheless, it is not yet completely understood. The interest in toxin internalization is 
growing because this mechanism is a key point in a possible therapeutic utilization of 
them or of their derivatives, and also because these studies give important insights in 
the intracellular transport and sorting of physiological ligands. In fact, much evidence 
currently suggests that toxin entry and routing inside cells are not toxin-specific and 
mimic pathways of physiological molecules. 
1.4.1.1 Internalization of type I ribosome-inactivating proteins 
Type I RIPs do not have a highly effective cell-binding domain like their type II 
counterparts, thus exhibiting much lower cytotoxicity. They are thought to be taken up 
by cells through binding of their glycosyl residues with the carbohydrate receptors, 
especially mannose receptors. However, saporin-S6 with no sugar moiety is relatively 
more toxic to many cell types than the glycosylated type I RIPs (Battelli et aI., 1992). 
Thus it is suggested that the proteins are also internalized through fluid-phase 
endocytosis which is non-selective and less efficient than receptor-mediated 
mechanism (Barbieri et aI., 1993). 
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Nonetheless, type I RIPs and ricin A chain were found to bind with purified a2-
macroglobulin receptor (a2MR) in a dose-dependent manner (Cavallaro et aI., 1995). 
a2MR, also called low-density-lipoprotein-receptor-related protein, is expressed in 
many kind of tissues and cell types, particularly in fibroblasts, monocytes and 
hepatocytes. It is responsible for the uptake and clearance of macromolecular 
complexes between a2-macroglobulin and proteinases, and complexes between tissue-
type or urokinase-type plasminogen activator and plasminogen-activator inhibitors. The 
cytotoxicity of saporin on a2MR-expressing cells is reduced when the binding sites of 
cell surface a2MR were occupied by other ligands, while it is enhanced when saporin 
is linked to cell-binding ligands such as antibodies and growth factors, producing a 
ligand-mediated concentration effect at the cell surface which facilitates the interaction 
of saporin with a2MR (Cavallaro et aI., 1993). The high expression level of a2MR in 
the syncytiotrophoblast probably accounts for the abortifacient potency of type I RIPs 
(Cavallaro et aI., 1995), and in hepatocytes the hepatotoxicity (Ng et aI., 1994). 
The cytotoxicity of RIPs depends more on intracellular routing than on the 
extent of their uptake since most of the internalized molecules cannot reach their target 






Fig. 1.7 Intracellular routing and transfer to the cytosol of ribosome-inactivating 
proteins. Dotted arrows indicate the progression of molecules in the endocytic and 
synthetic/ exocytic pathways. Continuous arrows indicate the most likely transfer sites 
(Barbieri et aI., 1993) 
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1.4.1.2 Internalization of type 11 ribosome-inactivating proteins 
Binding of type 11 RIPs to cells involves two kinds of recognition process. The 
first one is due to the galactose-specific lectin activity of the B chain, which allows 
binding to every cell type through galactose-containing glycoproteins and glycolipids 
that are present on the cellular membrane. The second one is attributed to the affinity of 
membrane mannose receptors to the carbohydrate groups present on both chains of type 
11 RIPs (Barbieri et aI., 1993). 
Type 11 RIPs are internalized through endocytosis in endosomes VIa both 
clathrin-coated and uncoated pits, followed by various intracellular routes. The route 
may depend on the type of receptor molecule. For example, ricin is mostly endocytosed 
by rat liver endothelial cells through the lectin pathway, though the cytotoxicity appears 
higher after internalization of ricin via the mannose receptors. This may be due to the 
more rapid recycling to cell surface of ricin bound to galactosyl residues than that of 
the toxin endocytosed via mannose receptors (Magnusson et aI., 1991). The toxin-
containing endosome may be fused with lysosome resulting in the degradation of the 
toxin, be recycled to the cell surface through the biosynthetic-secretory pathway, and 
mostly be transported to the Golgi complex (Sandvig et aI., 1984) before the toxin can 
enter the cytosol. The low toxicity of non-toxic type 11 RIPs may be a result of an 
affinity with non-cytosol-directing receptors, leading to a failure to reach the cytosolic 
targets. 
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The interchain disulphide bond of type II RIPs must be reduced in order for the 
A chain to inhibit protein synthesis. It is indicated that the reduction mainly occurs in 
the cytosol (Frenoy et aI., 1992), and is catalyzed by thiol:prot~in disulphide 
oxidoreductase (Barbieri et aI., 1982). 
1.4.2 Effects on animal models 
The toxicity of type I RIPs and toxic type II RIPs to mice as determined by 
LD50 values of RIPs injected parenterally are in the order of mg/kg and Jlg/kg, a 
thousand fold difference. The lower toxicity of type I RIPs is due to the lack of a lectin 
B chain with consequent poor entry into the cytoplasm. But when conjugated to celI-
binding ligands they will become highly toxic. Lesions caused in mice by lethal doses 
of type I RIPs were constantly cell necrosis in liver, kidney and spleen while those 
caused by the various type II RIPs are localized in different organs, possibly due to the 
diversity of their B chains, which may affect their distribution among and entry into 
cells (Barbieri et aI., 1993). 
1.4.3 Immunosuppressive activity 
Type I RIPs are highly toxic to macrophages. They exert a strong inhibitory 
effect on the production of antibody-secreting cells in response to the administration of 
a T -dependent antigen (Spreafico et aI., 1983; Stirpe and Barbieri 1986a). 
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1.4.4 Abortifacient activity 
Abortifacient activity is a common biological activity of RIPs from the family 
of Cucurbitaceae. Trichosanthin is active in inducing abortion in animal models and in 
terminating human pregnancy (Chan et al., 1979; Dong et aI., 1994). Other members 
such as momorcharins, luffins and luffaculin also act in the same manner (Ng et aI., 
1992). There was a general correlation between mid-term abortifacient activity and 
protein synthesis inhibiting activity (Dong et aI., 1993). It is believed that other RIPs 
might also possess this abortifacient activity. 
Table 1.8 Abortifacient activity of ribosome-inactivating proteins in mice. Activity is 
indicated as the number of aborted fetuses us compared to total number of implant sites. 
(Barbieri et aI., 1993) 
RIP Dose (mg/kg) Response (%) 
Gelonin 2 33 
Luffaculin 4 83 
Momordin I 2 83 
PAP-S 2 100 
Saporin-S6 2 100 
Trichosanthin 0.6 100 
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1.4.5 Antiviral activity 
The most widely studied defensive property of RIPs is the an~iviral activity 
shown towards infections by diverse plant viruses (Lodge et aI., 1993; Taylor et aI., 
1994). When co-inoculated with a virus on to the leaves of normally susceptible species, 
PAP (Phytolacca americana L.) reduces the infectivity of plant viruses such as tobacco 
mosaic virus (Stevens et aI., 1981) and a variety of others (Irvin and Uckun 1992). In 
similar experiments, the leaves of tobacco plant were inoculated with a mixture of 
tobacco mosaic virus and either dianthin 32 (from Dianthus caryophyUus) or PAP; in 
both cases the leaves showed resistance (Tay lor et aI., 1994). In another set of 
experiments, tobacco plants that were introduced with the genes for PAP (Lodge et aI., 
1993) and trichosanthin (from Trichosanthes kirilowii) (Lam et aI., 1996) were resistant 
against viral infection. Another finding showed that viral infection induced the 
expression of two single-chained RIPs in sugar beet (Girbes et aI., 1996). 
An explanation for the antiviral activity of RIPs was proposed by Ready et aI., 
(1986). Through immunocytochemical localization studies they found PAP to be 
localized largely in the cell wall matrix. They proposed that PAP could function as a 
suicidal agent in cells. When the plasma membrane is damaged by pathogen attack, for 
instance, an aphid, release of the RIP into cytosol could inactivate the ribosomes and 
thereby limiting the spread of infection. The antiviral demonstrated between the 
activities of RIPs in the depurination of tobacco mosaic virus (Taylor et aI., 1994). The 
same explanation can be applied to other RIPs such as pepocin (from Cucurbita pepo), 
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dianthin and saporin. Like PAP they are normally excluded from the cytoplasm but, 
once the cell membranes are damaged physically or by pathogen attack, the proteins 
enter the cells and inactivate ribosomes, leading to cell death and iJ!hibiting viral 
replication. In this way RIPs can protect the plant against viral infection. 
Table 1.9 Effects of ribosome-inactivating proteins on viral infections of Nicotiana 
glutinosa plants by tobacco mosaic virus (Barbieri et aI., 1993) 
RIP (nM) Inhibition of viral multiplication: 
No. of lesions (% of controls) 
Type 1 RIPs 
Agrostin 2 1700 42 
Bryodin-R 1000 18 
Dianthin 30 34 9 
Gelonin 1800 49 
PAP 1 11 
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1.5 Physiological roles of RIPs 
The main question, which remains unanswered, is why there are RIPs. These 
proteins are frequent among plants and often present at a high concentration. Moreover, 
the fact that some ribosomes appeared resistant to their action in the test systems used 
suggests that possibly in some plant materials RIPs were not detected because of the 
lack of sensitivity of the system used to screen the materials. Thus, RIPs could be more 
frequent, and possibly ubiquitous in plants, and this strongly suggests a premium for 
their conservation through the evolution. 
Several hypotheses have been formulated for the function of RIPs in nature, 
none of which is fully convincing. One is a defensive role against predators. This seems 
plausible only in the case of RIPs type 11 and in the few cases when RIPs type I are 
present at a very high concentration. These cases, however, seen few and can be 
considered as mutations, which were conserved because, advantageous, but they cannot 
account for the widespread presence of RIPs. 
A metabolic role seems more likely, especially since the enzymatic activity of 
RIPs was detected, although the purpose of depurination of a specific RNA sequence 
remains unknown, and actually raises further questions. It seems strange that an 
enzyme is required at such high concentrations as those sometimes found. This could 
be due to an accidental mutation, as mentioned above, but could also be due to the 
natural conditions in which these enzymes work, undoubtedly different from the 
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optinlaI experinlentaI conditions. One notion assIgns to RIPs a regulatory role in 
protein synthesis (Colelnan et aI., 1981). However, a regulation through and apparently 
irreversible inactivation of ribosomes seems uneconomical and hence unlikely. 
The fact that RIPs are usually more concentrated in seeds, may suggest that 
their function is involved in germination. Another physiological role of RIPs is more 
intriguing. RIP appeared in barley leaves when treated with methyl jadsmonate or 
during senescent (Chaudhry et aI., 1994). RIP activity suddenly appeared in the seeds 
of Saponaria officinalis toward the end of their maturation (Ferreras et aI., 1993). 
Furthermore, the translation inhibitory activity and the activity on DNA are both 
increased in the leaves of both Hura crepitans and Phytolacca americana in senescent 
leaves and leaves under hear or osmotic stress. Thus, it is suggested that RIPs are 
expressed, in activated form, inactive forms or allowed to have access to the cytoplasm 
when the cell is bound to death due to senescence, stress, infection or even programmed 
cell death such as the arrest of metabolism of endosperm storage cells at seed maturity 
(Stirpe et aI., 1996). Certainly, more evidence is needed to prove the exact role of RIPs. 
A possible role as a defense mechanism against plant pathogens could be of 
great biological importance. A protective effect against viral infections was also 
proposed, and gained new impetus after the findings of (Taylor et aI., 1990) and 
(Prestle et aI., 1992) discussed above. 
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1.6 Applications of RIPs 
The powerful inhibitory activity of RIPs has been made use of advantageously 
to construct conjugates with suitable carriers targeted to alter specific cells. RIPs may 
be used to inhibit replication of both animal and plant viruses. The introduction of 
genes coding for RIPs into the genome of plants leads to an increase in resistance 
towards fungal pathogens and viruses. RIPs are important tools for the treatment of 
cancer and AIDS and viruses. RIPs are important tools for the treatment of cancer and 
AIDS and for the protection of crop production. 
1.6.1 Possible uses in experimental and clinical medicine 
The most of studied application of RIPs is their use as immunotoxins, or 
conjugates with other suitable carriers. Immunotoxins are chimeric molecules in which 
a protein toxin is coupled to a monoclonal antibody or a cell-binding ligand. An 
obvious prerequisite for the safe use of immunotoxins is that the antibodies used are 
specific for unwanted cells, or at least bind only to normal cells, which can be safely 
destroyed. 
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J~' containing ,.. secondalY / antibody 
Fig. 1.8 Treatment with indirect immunotoxins. I step: treatment of cells with the 
antigen specific antibody of species A. 11 step: treatment of reacted cells with an 
immunotoxin prepared with anti-species A immunoglobulin antibody produced in 
species B (Barbieri et ai, 1993) 
1.6.1.1 Anti-tumor therapy 
Autologous or allogeneic bone marrow transplantation can be life-saving in a 
number of malignant or hematological diseases. Major obstacles to the allogeneic 
transplantation are the rejection and the development of the GVHD reaction. The 
contamination by malignant cells must be considered in the case of autologous bone 
marrow transplantation, practiced in tumor patients after supra-lethal chemo- and for 
radiotherapy. 
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Immunotoxins work very well in vitro, and can be used to prevent the 
difficulties mentioned above. The first suggested clinical applications of immunotoxins 
were to purge bone marrow of T cells to prevent graft-versus-host disease (GVHD) in 
the case of allogeneic transplantation (Filipovich et aI., 1984), or of malignant cells in 
the case of autologous transplantation (Krolick et aI., 1982; Muirhead et aI., 1983; 





Fig. 1.9 Treatment with RIPs and bispecific antibodies. 
Immunotoxins containing whole ricin, whose carbohydrate-binding site was 
blocked, has been injected directly into tumors in mice with established solid tumors. 
The conjugates were found to be effective in vivo in mice carrying thymoma grafts and 
in nude mice bearing human tumor xenografts (Kanellos et aI.,1989). The use of these 
conjugates was suggested for the local intratumor therapy of selected cancers (i.e., 
ovarian cancers, brain tumors and leptomeningeal neoplasia) (Zvickian et aI., 1987). 
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RIPs have been used for In vivo systemic treatment also. It is generally believed 
that immunotoxins will be best used to remove small tumor masses, such as the 
minimal residual disease remaining after the removal of primary tumors, but much 
work is still necessary to achieve this goal. 
1.6.1.2 Immune disorders including Acquired Immuno Deficiency Syndrome 
(AIDS) 
Removing clones of immunocompetent cells responsible for the autoimmune 
reaction could cure autoimmune disease. This goal might be achieved by targeting 
toxins, and RIPs among them, to the cells to be eliminated. 
RIPs have also been used for prevention and treatment of graft-versus-host 
disease. The risk of GVHD is reduced and engraftment is facilitated if the organs to be 
transplanted are rendered free of T lymphocytes, and removing the immunocompetent 
cells involved can treat GVHD. 
Attempts have been made to use RIPs to treat HIV infection. The observation 
that trichosanthin can effectively inhibit the replication of type I human 
immunodeficiency VIrus (HIV -1) in acutely infected lymphoblastoid cells or 
chronically infected macrophages (McGrath et aI., 1989) has led to interest in the 
antiviral properties of RIPs for potential therapeutic applications as anti-HIV agents. 
Indeed the anti-HIV activity is not unique to trichosanthin but a property of many RIPs. 
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Reports indicate that low concentrations of RIPs effectively shut down HIV-
directed protein synthesis but do not inhibit protein synthesis of the host of uninfected 
T-cells. One of the examples is PAP. PAP has been shown to have potent antiviral 
activity against human viruses. When added to virus-infected cultures, PAP is 
selectively toxic to cells infected with poliovirus (Lee et aI., 1990), influenza virus, 
herpes simplex virus (Aron and Irvin 1980; Teltow et aI., 1983), and human 
immunodeficiency virus (HIV) (Zarling et aI., 1990). However, protein synthesis in 
uninfected cells is not affected, suggesting that PAP is unable to enter intact, uninfected 
cells. Thus it is proposed that the virus-cell interaction may facilitate the entry of PAP 
into the host cell, followed by PAP's inactivation of the host ribosomes (Aron and Irvin 
1980). In addition, a number of studies have shown that PAP-antibody conjugates can 
be successfully targeted at cells infected with HIV, human cytomegalovirus, and acute 
lymphoblastic leukemia (Irvin and Uckun 1992). The anti-HIV activity of PAP is 
greatly enhanced by conjugation to an antibody directed toward aT-cell surface 
determinant (Zarling et aI., 1990). 
1.6.1.3 Neuroscience research 
When immunotoxins are used to make selective neural lesions, the technique is 
called immunolesioning, which is based on destroying a specific type of neuron using 
antineuronal antibody to a particular cell surface molecule. On the other hand, 
neuropeptide-RIP conjugates could be used to ablate neurons expressing specific 
neuropeptide receptors (Wiley et aI., 1994). Immunolesioning is relatively new and few 
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conjugates are produced, most of which are only rat-specific. However, it has great 
potential to increase our understanding on the complex interaction within the neural 
network, the mechanism of learning and memory, and the pathology of neural disease 
such as the Alzheimer's disease. 
1.6.2 Applications in agriculture 
Recent progress in the areas of in vitro culture and genetic engineering allows 
the introduction of specific genes into the desired plant hosts. Bacterial genes have 
already been successfully engineered in crop plants to confer herbicidal and insect 
resistance (Della Cioppa et aI., 1987; Fillatti et aI., 1987; De Block et aI., 1987; 
Fischhoff et ai., 1987). A promising approach to insect pest control is the isolation and 
transfection of plant genes coding for entomotoxic compounds, as practiced with the 
toxin of Bacillus thuringiensis. Ribosome-inactivating proteins usually show modest 
inhibitory activity on plant ribosomes and consequently could be suitable candidates for 
this experimental approach to parasite control. It could then be possible to identify plant 
parasites of economic relevance whose ribosomes are highly sensitive to a RIP. 
Transformation of an economically important host plant with the gene for a RIP, which 
is toxic to parasites and is ineffective on the ribosomes of the plants should confer 
specific resistance, as it seems to occur in the case of transfected tobacco plants 
(Logemann et aI., 1992). 
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The biological significance of RIPs in nature is not yet known. Amongst the 
lTIOre likely advantages for the plant is then a possible effect on plant pathogenic agents. 
Indeed, it was recently reported that barley RIP has fungicidal activity in synergism 
with a chitinase and a glucanase. Presumably, these enzymes alter the cell membrane of 
fungi, allowing the RIP to enter the cytoplasm. The antifungal activity of barley RIP 
was further indicated by the increased resistance to fungi of transgenic tobacco plants 
expressing this RIP (Logemann et aI., 1992). 
RIPs could also confer resistance to insects, as indicated by the toxicity of RIPs 
to some larvae and by the effects of RIPs on ribosomes purified from Musca domestica 
larvae, which demonstrate that some RIPs may indeed be very potent in damaging 
insect ribosomes. 
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1.7 Arginine-Glutamate Rich Polypeptides (AGRPs) 
The major proteins in seeds are storage proteins, which are mainly composed of 
globulins with little or no solubility in water. They are frequently rich in asparagine, 
glutamine, and arginine, and play a role as a reserve of nitrogen for the germinating 
seedling. During the last decade, however, it has become increasingly clear that some 
of the seeds contain a relatively large amount of water-soluble defense-related proteins 
such as glycine-rich proteins, proteinase inhibitors, toxic proteins, chitinases, lectins, 
ribosome-inactivating proteins. 
To date only four arginine-glutamate rich proteins (AGRPs) with different 
molecular sizes of approximately 14-5 kDa have been purified from the seeds of a 
single plant species, the sponge gourd (Luffa cylindrica) (Ishihara et aI., 1997). 
Comparison of the N-terminal amino acid sequences of four AGRPs with those of other 
proteins in the protein data base demonstrated that 5k- and 6.5k-AGRPs have a 
significant homology with a basic peptide from pumpkin seeds and with cocoa seed 
vicilin, respectively, and that 12.5k- and 14k-AGRPs are related to 2S seed storage 
proteins. Furthermore, it was assumed that the four AGRPs might occur in the protein 
bodies within the cells of the seed. These AGRPs are found in fairly large quantities in 
the seeds and it is expected that some of them may have a biological function, though 
most of them may serve as a nitrogen reserve. 
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Table 1.9 N-terminal amino acid sequences of four AGRPs from the seeds of Sponge 
Gourd. 
Protein N-terminal amino acid sequence 
Sk-AGRP <ERGPDWRKEQQRRRRREQQREHRG 







Table 1.10 Alignments of the N-terminal amino acid sequences of 5k- and 6.5k-AGRPs 
with their homologues, basic peptide from pumpkin seeds (Basic P) and Theobroma 
cacao seed storage protein vicilin (Cocoa). The identical amino acid sequences are in 
bold. 
5k <ERGPDWRKEQQRRRRREQQREHRG 




1.8. Objectives of the present study 
1.8.1. Rationale of the study 
Ribosolne inactivating proteins (RIPs) are a family of proteins, which have 
captured the attention of many researchers on account of their potentially exploitable 
bioactivities. RIPs have tremendous therapeutic applications like conjugation with 
antibodies to form immunotoxins for cancer therapy, use as anti-HIV agents in AIDS 
therapy, and expression in transgenic plants to increase their resistance against viral and 
fungal infections for protection of crop production. With respect to these applications 
of RIPs, the potency and specificity requirements vary in each case. Thus by 
discovering, purifying and characterizing new RIPs, the list of choices can be expanded 
to satisfy the needs of different applications. 
In our preliminary screening studies, the crude extract of hairy melon seeds 
displayed a high cell-free translation inhibitory activity. Although cell-free translation 
inhibitory activity is not a conclusive proof of the presence of RIPs, it is the most 
common method used for screening of new RIPs. So hairy melon seeds were chosen to 
isolate a new RIP together with the characterization of its enzymatic activities and 
physicochemical properties. 
To date only 2 small RIPs, luffin S from sponge gourd (Luffa cylindrica) seeds 
and y-momorchin from bitter gourd (Momordica charantia) seeds have been purified. 
Although the N-glycosidase and cell-free translation inhibiting activity assays have 
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been done with these proteins but both of thelTI have not been sequenced so far. 
Moreover, the purification schelTIe of Y-ITIolTIorchin has not yet been published to date. 
Type I RIPs with complete amino acid sequences have been purified from both of these 
plants species. Without the amino acid sequences elucidated of these small proteins, it 
is very difficult to deteremine their relationship to the type I RIPs i.e. whether these 
small proteins are fragments from the respective larger type I RIPs. Another class of 
interesting proteins known as AGRPs have been purified from sponge gourd seeds but 
none of their biological activities is known so far. 
As the information about the proteins from the seeds of these two plants is 
fragmentary, these two seeds were reinvestigated to get a clearer and more complete 
picture. In preliminary screening studies, low-molecular-weight proteins with high cell-
free translation inhibitory activity from crude extract of winter melon and pumpkin 
seeds were found. To investigate this activity and also to support our data of previously 
mentioned low molecular weight proteins by providing more examples, winter melon 
and pumpkin seeds were chosen further purification and characterization. 
With this background, this study was conducted to get an insight into ribosome 
inactivating proteins including small RIPs and to establish a correlation between small 
RIPs and AGRPs. 
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1.8.2. Outline of the thesis 
In the present investigation to look for new RIPs including small RIPs, the plant 
species which showed high cell-free protein synthesis activities are chosen for further 
purification and characterization. 
The purification procedure involved a senes of chromatographic steps. The 
purified proteins are analysed for purity, activity and yield. After purification, 
enzymatic properties and physicochemical characterization of the proteins are 
described. To maximize clarity and ease of understanding, each of the proteins is 
explained separately as sub-chapters followed by individual discussion about the 
protein. Finally a general discussion and conclusion correlating these different proteins 
IS gIven. 
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2.1 Introduction 
From the initial screening studies, the crude extracts of hairy melon (Benincasa 
hispida var. chieh-qua), winter melon (Benincasa hispida) and pumpkin (Cucurbita 
moschata) exerted high protein synthesis-inhibitory activity. The disruption of protein 
synthesis at the elongation step is a characteristic property of RIPs (Gessner and Irvin, 
1980). Thus the capability of inhibiting cell-free protein synthesis was used as an 
indicator of the potential presence of RIPs. Although translation-inhibitory activity 
cannot provide a definite proof of the presence of RIP as other substances such as 
ribonucl~ase and protease might give a false positive result, it is the most common 
method used in screening for new RIPs (Merino et aI., 1990). So, the above plant 
species were selected for further purification in order to search for new RIPs. Type I 
RIPs with a molecular weight ranging from 26-29 kDa have been purified like u- and 
J3-momorcharins from bitter gourd seeds (Momordica charantia) and luffins-a and -b 
from sponge gourd seeds (Luffa cylindrica). It was subsequently demonstrated that a 
small RIP designated luffin-S with a molecular weight of 10 kDa (Gao et. aI., 1994), 
and another small RIP designated y-momorcharin exhibiting a molecular weight of 12 
kDa (Pu et. aI., 1996), could be isolated from the seeds of Luffa cylindrica and 
Momordica charantia, respectively. The procedure employed for the isolation of y-
momorcharin has not been reported. The sequence of neither y-momorcharin nor luffin-
S is available although it is known that there is a striking dissimilarity in amino acid 
composition between type 1 RIPs luffin-a and luffin-b and the small RIP luffin S (Geo 
et aI., 1994). So, these two plants species were chosen to further investigate the 
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presence of sn1all RIPs. The seeds of the plants are avai lable throughout the year and 
they are a very good source of proteins so they were chosen for purification. 
The purified proteins were further characterized for their physiochemical and 
biological properties. Molecular weight was determined by SDS-polyacrylamide gel 
electrophoresis. To prepare protein sample for N-terminal amino acid sequencing after 
SDS-polyacrylamide gel electrophoresis, the protein was incubated in 0.1 M sodium 
acetate (pH8.5) with 0.1 % SDS for 24 hours. The biological properties of purified 
proteins were investigated in detail. Studies on the biological activities of RIPs have 
always been focused on their ribosome-inactivating activities in which a specific 
adenine (e.g. A-4324 of rat liver rRNA) is removed rendering the ribosome 
nonfunctional for protein synthesis (Endo et aI., 1987a). IC50, the concentration of 
protein that causes 50% inhibition of cell-free protein synthesis using rabbit 
reticulocyte lysate as the translational system, was obtained and the value was 
compared with those of other RIPs. Another activity studied was the action of protein 
towards tRNA, which was determined by measuring the production of acid-soluble 
UV -absorbing species (Mock et aI., 1996). The assay for antifungal activity was done 
by following the procedure of Ye et aI., (1999) using petri plates containing potato 
dextrose agar. 
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2.2 Materials and methods 
2.2.1 Materials 
Dried seeds of bitter gourd, sponge gourd and hairy melon, and fresh seeds of 
winter melon (wax gourd) and pumpkin were bought from a local seed supplier. 
SPECTRA/POR dialysis membrane (MWCO 3,500) was purchased from Spectrum, 
California, U.S.A. Chromatography on DEAE-cellulose, Affi-gel Blue gel and CM 
Sepharose fast-flow was conducted using the GradiFrac low pressure chromatography 
system (Pharmacia LKB, Uppsala, Sweden). Cation exchange chromatography on 
Mono-S and gel filtration on Superdex 75 was performed using an FPLC system 
(Amersham Pharmacia Biotech). Affi-gel Blue gel (particle size 100-200 mesh) and 
reagents used for SDS-PAGE and formaldehyde gel electrophoresis were products of 
Bio-Rad, California, U.S.A. Molecular weight standard markers for SDS-PAGE, 
DEAE-cellulose was purchased from Sigma, Missouri, U.S.A. CM Sepharose fast-flow, 
and Mono-S and Superdex 75 FPLC columns were ordered from Pharmacia Biotech. 
Rabbit reticulocyte lysate was obtained as outlined later (2.2.6). RNA marker was from 
Promega, Wisconsin, U.S.A. Aniline was purchased from Merck & Co. Inc., New 
Jersey, U.S.A. and was distilled and stored at -20C. Photographic instant film 667 was 
purchased from Polaroid, Massachusetts, U.S.A.. Phenylmethylsulfonyl fluoride 
(PMSF) (Sigma) was added to all the buffers for chromatography at a final 
concentration of ImM, and the buffers were filtered through a 0.22 ~m syringe filter 
(Millipore, Massachusetts, U.S.A.) and degassed with an ultrasonic cleaner (Branson, 
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Connecticut, U.S.A.). Glassware and water used for protein synthesis inhibition assay 
were treated with 0.1 % (v/v) diethylpyrocarbonate (DEPC) (purchased from Sigma, 
Missouri, U .S.A) and autoclaved to inactivate any contaminating ribonucleases. L-( 4,5-
3H) leucine was obtained from Amersham International, Buckinghamshire, U.K. All 
other chemicals were of analytical grade and were used without further purification. 
2.2.2 Preparation of crude extract 
The seeds of hairy melon, winter melon, sponge gourd, bitter gourd and 
pumpkin were stored in a cool, dry place before use. A crude extract was prepared by 
first soaking the seeds in extraction buffer (20mM Tris-HC 1, pH 7.2) at 4 QC for 4 
hours. Extraction was then carried out by blending the softened seeds with 2 to 3 
volumes of chilled extraction buffer. The slurry formed was stirred at 4 QC for 4 hours 
and then passed through cheesecloth to remove the large particles. The filtrate was 
further clarified by centrifugation at 17,000 g for 30 minutes in a Beckman model 12-2 I 
centrifuge using rotor lA 14. The pellet was discarded and the supematant was applied 
directly to the subsequent columns to avoid loss of activity and also to minimize the 
purification time. 
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2.2.3 Purification of Proteins 
Several types of chromatography were employed for the purification of RIP 
from these plants species: affinity chromatography on Affi-gel Blue gel, anion 
exchange chromatography on DEAE cellulose, cation exchange chromatography on 
CM-Sepharose fast flow, cation exchange chromatography on Mono S and gel filtration 
on Superdex 75. Since proteolysis is a problem commonly encountered in handling 
proteins, phenylmethyl sulfonyl fluoride (PMSF), a protease inhibitor, was added to the 
buffer used in all the purification steps to avoid undesirable proteolysis of the proteins 
that would lead to loss of enzymatic activity. 
The cell-free translation-inhibitory activity assay was performed after each 
purification step to determine which fraction contained higher cell-free inhibitory 
activity. Compared with the protein synthesis assay, the N-glycosidase assay is much 
more specific and can give a definite proof of the presence of RIPs. However, this 
assay was not conducted in the initial purification procedure since it would not be 
prudent to carry out the N-glycosidase assay with starting materials due to the presence 
of ribonuclease activity which will digest ribosomal RNA (rRNA), and a smearing 
pattern would result after electrophoresis of the rRNA. As a result, the N-glycosidase 
assay was only performed with the purified protein. The limitation of this assay adds 
difficulties to screening the presence of RIPs in plants. To assess the purity achieved, 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was run after 
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each chromatographic step with the highly sensitive staining method, coomassie blue, 
to detect contaminants at microgram levels. 
2.2.3.1 Diethylaminoethyl (DEAE)-Cellulose 
Ion exchange chromatography is the most commonly practiced chromatographic 
method of protein purification. It is relatively easy to scale up, widely applicable and 
low in cost relative to other separation methods. Ion exchange of proteins involves 
association with the charged groups of a solid support, followed by elution with 
aqueous buffer of higher ionic strength. DEAE-cellulose is an anion-exchange 
chromatography with diethylaminoethyl as the anion exchanger and cellulose as the 
matrix. It is used for eluting samples with a negative charge. 
2.2.3.2 Affi-gel Blue gel 
Affinity chromatography allows the purification of proteins with a high 
fractionating power. In Affi-gel Blue gel an immobilized triazine dye, Cibracron blue 
F3GA, is covalently attached to the cross-linked agarose gel. It has been reported to 
bind reversibly with several types of nucleotide-dependent enzymes (Dean and Watson, 
1979). More recently, it has been reported that several RIPs, including ricin and u-
sarcin, are retained by the Cibacron Blue F3GA and it has been hypothesized that the 
interaction takes place through the nucleotide-binding domain (Munoz et aI., 1990). 
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The retention capacity depends on the experilnental conditions, such as pH, IonIc 
strength and telnperature. 
Cibacron Blue 
o 
Cross linked agarose 
Fig. 2.1 The functional group of Affi-gel Blue gel - Cibacron Blue. 
2.2.3.3 Carboxylmethyl (CM) Sepharose fast-flow 
Proteins contain charged groups on their surfaces. At a pH higher than the 
isoelectric point, a protein possesses a net negative charge, whereas at a pH lower than 
the isoelectric point, a protein possesses a net positive charge. Separation using cation 
exchange chromatography depends upon the reversible adsorption of positively charged 
solute molecules to the immobilized anion exchange groups on the gel matrix. The CM 
Sepharose is a cation exchange column with carboxylmethyl as the cation exchanger 
and Sepharose as the gel matrix. A low ionic strength binding buffer was used to 
facilitate the binding of the proteins onto the gel matrix. 
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2.2.3.4 Mono S® HR 5/5 
Mono S was designed for fast, high performance cation exchange separations of 
biomolecules. Mono S is a strong cation exchanger based on a beaded hydrophilic resin 
with one of the narrowest particle size distribution available. Mono S has a particle size 
of 10 f.lm. The absence of fines gives the packed columns large void volumes (40%) 
and therefore low back-pressures. The charged group on the gel is -CH2-O-CH2CHOH-
CH2-O-CH2-CHOH-CH2-S03 . Ionic capacity of the gel is 0.14-0.18 mmollcolumn. 
Separations of substances with molecular weights up to 107 have been carried out 
successfully. Protein capacity is normally in the range 20-50 mg/column. The amount 
of non-specific adsorption to MonoBeads® is negligible. Recovery of enzyme activity 
is normally greater than 80%. 
2.2.3.5 Superdex 75 
Separation by gel filtration depends on the different abilities of sample 
molecules to enter pores of a stationary phase. Very large molecules never enter the 
stationary phase and move through the chromatographic bed with the fastest speed. 
Above a certain size (the exclusion limit), all molecules move equally fast, and no 
separation occurs. Very small molecules easily enter the stationary phase and move 
through the bed with the slowest speed. Below a certain size, all molecules move 
equally slowly, and again, no separation occurs. Between these extremes, molecules 
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enter the stationary phase to varying extents, depending on their size and shape. Wi thi n 
this range, the fractionation range, diff erent Illolecules move at di fferent rates, and 
separation occurs. Gel filtration on Superdex 75 was employed as the final step of 
purification. It ' is COlllposed of a crossed-linked agarose medium and dextran with a 
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3.70 3.90 4.10 4.30 4.50 4.70 4.90 
log molecular weight (kDa) 
Fig. 2.2 Molecular weight determination by gel filtration on Superdex 75. Calibration 
was made by using bovine serum albumin (BSA), 67 kDa; ovalbumin, 43 kDa; 
carbonic anhydrase, 30 kDa; ribonuclease A, 13.7 kDa, cytochrome C, 12.4 kDa and 
human insulin, 5.6 kDa. 
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2.2.4 Molecular Weight Determination with Sodium Dodecyl Sulfate 
Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
Electrophoresis was performed according to the procedure of Laemmli and 
Favre (Laemmli, 1973), using a 15 % resolving gel and a 5 % stacking gel. A 5X 
electrophoresis buffer (1 L) at pH 8.3 containing 15 g Tris-Base, 72 g glycine and 5 g 
SDS was used. 
To make up a stock acrylamide solution (total acrylamide content, % T = 30 % 
w/v, ratio of crosslinking agent to acrylamide monomer, %C = 2.7 % w/w): 73 g 
acrylamide and 2 g bis-acrylamide were dissolved and made up to 250 ml in water. 
This stock solution is stable for weeks in darkness, at 4 QC. The solutions of resolving 
gel and stacking gel were prepared fresh prior to experiment according to the following 
reCIpe: 
Table 2.1 The preparation of separating gel and stacking gel. 
Separating gel Stacking gel 
H2O 2.35ml 3.05ml 
Tris-HCI 2.5ml (1.5M, pHB.B) 1.25ml (O.5M, pH6.B) 
100/0 SDS 100 ).ll 50).l1 
TEMED 12).l1 6).l1 
Stock acrylarnide 5rnl 0.67rnl 
10 % APS 50).l1 50).l1 
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The gel was cast on the Mini-Protean set 11 (Bio-Rad, California, D.S.A.). Samples 
were diluted with the 5X sample loading buffer (10 % glycerol, 2 % SDS, 1 % 
bromophenol blue in 60 mM Tris-HCI, pH 6.8) followed by addition of f3-
mercaptoethanol (5 % v/v). The samples were boiled in a water bath for 3 minutes. 
Electrophoresis was performed with the electrode buffer at a constant voltage of 200V 
for the stacking of proteins. When the tracking dye, bromophenol blue, reached the 
bottom of the gel, electrophoresis was stopped. 
Proteins present in the gel were stained with either the Coomassie blue 
staining or silver staining methods. In the Coomassie blue staining method, the gel was 
stained with 0.1 % Coomassie Brilliant Blue R-250 in 10 % (v/v) acetic acid, 45 % (v/v) 
methanol for 1 hour. The gel was then destained in acetic acid:methanol:water (1 : 4 : 5) 
with several changes of the solution until the background was clear. In the silver 
staining method, the gel was first fixed by immersion in a solution of fixative (10 % 
acetic acid, 40 % methanol, 50 % water, v/v) for 30 minutes. After rinsing with distilled 
water, the gel was sensitized with a sodium thiosulfate pentahydrate solution (0.03 % 
w/v) for 1 min. Then the gel was washed with distilled water for 2 min and soaked in 
0.1 % silver nitrate solution for 30 min with gentle agitation. After a brief wash « 30 
Sec) with distilled water, the gel was developed with a developing solution (0.05 % 
formaldehyde (37 %) in 3 % Na2C03). The reaction was stopped with 1 M citric acid. 
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3.00 3.50 4.00 4.50 5.00 
log molecular weight (kDa) 
Fig. 2.3 Calibration curve of SDS-PAGE with molecular weight standards 
[phosphorylase b (94 kDa), bovine serum albumin (67 kDa), ovalbumin (43 kDa), 
carbonic anhydrase (30 kDa), triose phosphate isomerase (26.7 kDa), soybean trypsin 
inhibitor (20 kDa), myoglobin (16.9 kDa), a-lactalbumin (14.4 kDa), aprotinin (6.5 
kDa) and oxidized insulin b chain (3.5 kDa).] The molecular weights of proteins were 
calculated by linear regression from the calibration curve. 
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2.2.5 Protein determination - Bicinchoninic Acid (BCA) Protein Assay 
Estimation of protein concentration was done uSing BCA * Protein Assay 
reagents (Pierce, Illinois, U. S. A.). The working reagent was prepared by mixing 1 part 
of Reagent A, including sodium carbonate, sodium bicarbonate, BCA detection reagent, 
and sodium tartrate in O.IN sodium hydroxide, and 50 parts of Reagent B. 2 ml 
working reagent was added to 0.1 ml standard and the test protein sample. The reaction 
mixture was then incubated at room temperature for 2 hours. The absorbance at 562 nm 
was measured. 
2.2.6 N-terminal amino acid sequence 
SDS-PAGE gel was washed thoroughly for 24 hours with frequent changes of 
distilled water to remove glycine which got stuck onto the gel from eletrophoresis 
buffer and which can interfere with the amino acid sequencing. The bands were 
precisely cut out and subsequently incubated 37 QC overnight in O.IM sodium acetate 
(pH 8.5) containing 0.1 % SDS. The supernatant was used for amino acid sequencing. 
The principle of Edman degradation was employed for the N-terminal amino 
acid sequence analysis , which involves a series of chemical reactions that sequentially 
remove N-terminal amino acids from the protein. The amino acid sequence analysis 
was done using an HP G 1000A Edman degradation unit and an HP 1090 HPLC system 
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with the help of Professor W. S. Ho of the Department of Biochemistry, the Chinese 
University of Hong Kong. 
2.2.7 Preparation of rabbit reticulocyte lysate 
The rabbit reticulocyte lysate was prepared from a phenylhydrazine -treated 
rabbit. Phenylhydrazine makes the animal anemic (Maniatis, 1982). To obtain anemic 
blood, phenylhydrazine (a 1.2 % solution neutralized to pH 7.5 with 1 M HEPES, pH 
7.0) was injected subcutaneously into the rabbit (2-3 kg). 1.0, 1.6, 1.2, 1.6, and 2.0 ml 
were injected on days 1, 2, 3, 4 and 5 respectively. On days 7 and 8, the rabbit was bled 
and blood was collected directly from its heart chamber with heparin-containing 
syringes. Blood was mixed with normal saline containing 0.02 % heparin and then 
centrifuged (Beckman model 12-21) at 2,000 g (Rotor lA 14) for 5 min. The packed 
cells were then washed three times with normal saline. The last centrifugation step was 
carried out at 17,000 g for 30 min. The supernatant was divided into 0.5 ml aliquots and 
frozen at -70 QC. The lysate was stable for at least 6 months at this temperature. 
2.2.8 Assay for cell-free protein synthesis-inhibiting activity 
Inhibition of cell-free protein synthesis was measured according to the 
procedure of Pelham and lackson (1976) with modifications, using the rabbit 
reticulocyte lysate system which was prepared as described in section 2.2.6. In order to 
determine the value of ICso, the concentration at which translation was inhibited by 
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500/0, samples were diluted 10-fold serially with DEPC-H20. Ten microlitres of sample 
were added to 1 0 ~l of hot mixture (500 mM potassium chloride, 5 mM magnesium 
chloride, 130 mM phosphocreatine and 1 ~Ci L-( 4,5-3H)leucine) and 30 ~l of working 
lysate (rabbit reticulocyte lysate containing 0.1 ~M hemin and 5 ~g of creatine kinase). 
The reaction mixture was incubated at 37°C for 30 minutes, followed by addition of 
330 ~l IM NaOH with 0.20/0 H20 2. The mixture was further incubated under the same 
condition for 10 min to allow decolorization and tRNA digestion to take place. Protein 
with radioactivity incorporated was precipitated when an equal volume of the reaction 
mixture was added to 40% trichloroacetic acid with 2% casein hydrolysate in a 96-well 
plate. The precipitate was then collected by filtration on a glass fibre filter (Whatman 
GF / A), washed and dried with absolute alcohol passing through a cell harvester with a 
vacuum pump. The filter was suspended in scintillant (67% toluene, 33% Triton X-I 00, 
4 g/l PPO and 0.4 g/l POPOP) and counted in an LS6500 Beckman liquid scintillation 
counter. 
2.2.9 Assay for N-gJycosidase activity 
2.2.9.1 Precautions for working with RNA 
The difficulties associated with the manipulation of RNA involve the ubiquity 
of ribonuclease (RNase) activity that will interfere with the assay. To control the 
undesirable RNase activity, a few precautions should be taken. Gloves should be worn 
at all times. Sterile, disposable plasticware was used for handling RNA as these 
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materials are generally RNase-free and do not require pre-treatment. Other glassware 
was treated with a 0.1 % (v/v) solution of diethyl pyrocarbonate (DEPC). In addition, 
water and all buffer solutions were treated with 0.1 % (v/v) DEPC, stirred overnight and 
then autoclaved to remove traces of DEPC. When Tris buffer was used, the solutions 
were not treated directly with DEPC since DEPC would react with the primary amine. 
Therefore, these solutions were prepared first with DEPC-treated water and then 
sterilized by autoclaving. 
2.2.9.2 N -glycosidase assay 
The assay for N-glycosidase activity towards rRNA was performed according to 
the procedure of Endo et al., (1987b) with slight modifications. 
2.2.9.2.1 Reaction of proteins with rRNA and RNA extraction 
The reaction mixture containing 30 ).ll of the protein sample, 20 ).ll of master 
mix (10 mM KCI, 0.2 mM MgCh, pH 7.6 and 1 mM creatine phosphate) and 150 ).ll of 
rabbit reticulocyte containing creatine kinase (7 ).lg) and hemin (10 ).lg), was allowed to 
incubate at 37°C for 30 min. The reaction was stopped by chilling on ice, and 300 ).ll 
DEPC water and 25 ).ll of 10% SDS was added and mixed. 800 ).ll trizol was added to 
extract the RNA, the mixture was mixed well and 200 ).ll chloroform was added. The 
microcentrifuge tubes were shaken vigorously by hand for 45 seconds and then 
centrifuged at 13000 rpm for 10 minutes at 4 QC. The upper aqueous phase containing 
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RNA was transferred to a new microcentrifuge tube and subsequently mixed with an 
equal volume of ice-cold isopropanol. The mixture was kept at -70 QC for 10 minutes 
and then again centrifuged at 13000 rpm for 10 minutes at 4 QC. The supernatant was 
removed and the pellet was rinsed with 200f.l1 750/0 ethanol. Then the ethanol was 
removed very carefully without disturbing the pellet. The pellet was resuspended in 20 
f.ll DEPC water and split into two parts. 15 f.ll of RNA was used for acid aniline 
treatment and the rest of it was kept at -70 QC until the formaldehyde RNA gel was run. 
2.2.9.2.2 Aniline treatment 
To the tubes for aniline treatment, 75 f.ll of working aniline (36 f.ll aniline, 60 f.ll 
100% glacial acetic acid, 266 f.ll DEPC.H20) was added and the reaction mixture was 
incubated at 60°C for 5 min. 300 f.ll of absolute ethanol and 10.5 f.ll of 3M NaOAc, 
(pH5.2) were added and incubated at -70 QC overnight. Similarly, the mixture was 
centrifuged at 13000 rpm for 10 minutes at 4 QC. The supematant was removed and the 
pellet was rinsed with 200f.l1 75% ethanol. Then the ethanol was removed very 
carefully without disturbing the pellet. The pellet was resuspended in 10 f.ll DEPC 
water. 
2.2.9.2.3 Formaldehyde gel electrophoresis 
For a 1.2 % agarose gel, 0.4 g agarose was added to 33 ml DEPC.H20 and the 
mixture was boiled until the agarose melted. After the mixture had cooled down to 
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about on " 4 nll or I Ox MOPS and -' nll o f rortn aldchydc so lution (3 7/Yr» wen.: added . 
f he ge l so lution \ VeL ca t on a ge l Inould. 
An aliquot of 3 ~t1 RN A vvas mi xed vv ith 3 ~t1 ge l loadin g dye (O.SM EDTA, and 
O.S % (\v/v ) brotnophenol blue in glycerol) , and the Ini xture was incubated at 6S oC fo r 
3 tninutes . 
The sample mixture was applied to the sample well and electrophoresis was 
carried out at a constant voltage of 60 V for 90 tninutes in the electrophoresis buffer (1 x 
MOPS). After electrophoresis, the gel was stained in ethidium bromide (O.S ~g/ml) for 
20 nlinutes and destained in distilled water for 20 tnin. Then the gel was photographed 
with Polaroid 667 instant film . 
2.2.9.3 Quantitation of RNA 
Quantitation of nucleic acid was accomplished by measuring absorbance at 260 
nm and 280 nm (Hitachi U2000 spectrophototneter) (FalTelI 1993). The nucleic acid 
was first extracted frOITI the rabbit reticulocyte lysate. An aliquot of rabbit reticulocyte 
(1 00 ~l) was mixed with an equal volume of phenol and centrifuged at 14000 rpm for 2 
min. The upper aqueous RNA phase was re-extracted with and equal volume of 
phenol:chloroform:isoamyl alcohol (2S:24: 1, v:v:v). The RNA phase was recovered 
again and two volumes of cold, absolute ethanol and 0.1 volume of 3 M NaOAc (pHS.2) 
were added to the RNA samples. After standing at -70 QC for 30 tnin. , RNA \vas 
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pelleted by centrifugation at 14000 rpm for 25 min. at 4 C in a microcentrifuge. The 
RNA pellet was washed with 1 ml cold 70% ethanol twice and dried in vacuum (45 QC 
for about 5 min.). 3ml of DEPC-water was added to dissolve the RNA and absorbance 
at 260nm and 280nm was measured. The following formula was applied to calculate 
the concentration of RNA: 
RNA (J.lg/ml) = A260 X 44.19, where A 260 is the absorbance at 260 nm, and 44.19 is 
the extinction coefficient of RNA. 
2.2.10 Assay for ribonuclease activity 
The activity of purified proteins toward tRNA was determined by measuring the 
production of acid-soluble UV -absorbing species according to the method of Mock et 
aI., (1996). The proteins were incubated with 200 J.lg of tRNA in 150ul of 100mM 
HEPES, (pH 7.0), at 37°C for 15 minutes. The reaction was terminated by the addition 
of 350 J.lI of ice-cold 3.40/0 perchloric acid. After standing on ice for 15 min, the sample 
was centrifuged at 14000g for 15 min at 4°C. The absorbance of the supernatant, after 
suitable dilution(s) with water, was measured at 260 nm. One unit of enzyme activity is 
defined as the amount of enzyme that produces an absorbance increase at 260nm of one 
per minute in the acid soluble fraction per ml of reaction mixture under the specified 
condition. 
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2.2.11 Assay for antifungal activity 
The chromatographic fractions were monitored for antifungal activity using 90 x 15 
mm petri plates containing 10 ml of potato dextrose agar (Ye et aI., 1999). After the mycelial 
colony had developed on the agar, at a distance of 1 cm away from the rim of the colony 
were placed sterile blank paper disks (0.625 cm in diameter). The samples were dissolved 
and applied to the disks. The plates were incubated at 27°C until mycelial growth from the 
central disks had enveloped peripheral disks containing the control and had formed crescents 
of inhibition around the paper disks with samples possessing antifungal activity. The 
pathogenic fungal species used included Coprinus comatus, Physalospora piricola, Botrytis 
cinerea, Mycosphaerella arachidicola and Fusarium oxysporum. 
2.2.12. Assay for dihydrodiol dehydrogenase activity 
Dehydrogenase activity was assayed tluorometrically by recording the formation of 
NADPH at 455 nm (excitation at 340 nm). A standard reaction mixture consisted of 0.1 M 
potassium phosphate buffer (pH 7.4). 0.25 mM NADP+, 1.0mM (S)-indan-l-01 and the 
enzyme solution, in a total volume of 2.0 ml. One unit of the enzyme activity was defined as 
the amount of enzyme catalyzing the formation or the oxidation of 1 J.lmol NADPH per min 
at 25°C. 
71 
Chapter 3 Purification and characterization of proteins from their respective 
sources. 
3.1. Purification and Characterization of Hispidin from Hairy melon (Benincasa 
hispida var. chieh-gua) seeds 
3.1.1. Introduction 
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3.1.1. Introduction 
Dried ripe seeds of hairy melon were purchased from a local seed supplier. A 
crude extract was obtained according to the procedure described earlier in section 2.2.2. 
The purification scheme of RIP from dried hairy melon seeds is summarized in Figure 
3.1.1. 
The crude extract as obtained earlier was passed through a 0.22 f.lm syringe 
filter (Nalgene) to remove any particulates. The clear filtrate was applied to a 1.5 x 20-
cm Econo-column (Bio-Rad) containing 100 ml of Affi-gel Blue gel equilibrated with 
the starting buffer, 10 mM Tris-HCI (pH7.2). The column was washed with the same 
buffer to elute the unadsorbed proteins until the absorbance at 280 nm was less than 
0.05, and then the adsorbed proteins were eluted with a 1.5 M NaC 1 in the starting 
buffer. Fractions of 6 ml were collected at a flow rate of 1 mllmin. Protein peaks 
monitored by A280 were collected, and the fractions were assayed for protein synthesis 
inhibitory activity. The adsorbed protein solution was then dialyzed extensively against 
distilled water for 36 hours at 4 DC with four changes of water and then lyophilized. 
The lyophilized powder was dissolved in 50 mM phosphate buffer (pH 6.8) and applied 
onto a CM-Sepharose fast-flow column with a bed volume of 50ml which had been 
pre-equilibrated with the same buffer. The column was washed thoroughly with the 
starting buffer until all the unadsorbed proteins were eluted and then a 0-0.5M NaCI 
gradient in the same buffer was applied to elute the adsorbed fraction, which was also 
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the active fraction. Similarly, this active fraction was also dialyzed and lyophilized. The 
lyophilized powder was dissolved in 10mM NH40Ac buffer (pH 4.6) and applied onto 
a Iml Mono-S (HR 5/5) column, which had been pre-equilibrated with the same buffer, 
through an FPLC (Pharmacia AKT A Purifier) system. After eluting the unadsorbed 
proteins with the same buffer, a linear NaC 1 gradient from 0 to 1 M in the starting 
buffer was applied to elute out the adsorbed proteins at a flow rate of Imllmin. Finally, 
the active fraction was dialyzed and lyophilized. Part of the lyophilized protein was 
dissolved in 200 /-11 0.1 M NH4HC03 (pH 9). It was applied to an FPLC Superdex 75 
column, which had been pre-equilibrated with 0.1 M N~HC03 buffer, pH 9 and then 
eluted at a flow rate of 0.4 mllmin. 
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Crude extract of dried Beninicasa hispida var chieh-gua seeds 
Unadsorbed fraction (B 1) 
Unadsorbed fraction (C 1) 
Adsorbed fraction CMl and M3) 
Affinity chromatography 
on Affi-gel Blue Gel 
I 




Adsorbed fraction (C2) 
Cation-exchange chromatography 
on Mono S by FPLC 
I 
Adsorbed fraction (M2) 
Gel filtration 
on Superdex 75 by FPLC 
Hispidin 
Fig 3.1.1 Purification Scheme of Hispidin (RIP) from dried Hairy Melon 
CBeninicasa hispida var chieh-gua.) seeds. 
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3.1.2. Results 
Affinity chromatography of a crude extract of hairy melon seeds on Affi-gel Blue 
gel yielded a large unadsorbed peak (B 1) and a similar adsorbed peak (B2) (Fig. 3.1.2). 
Their SDS-PAGE patterns are shown in Fig. 3.1.3 . Cell-free protein synthesis-
inhibitory activities of hairy melon fractions from the Affi-gel Blue gel column were 
compared (Fig. 3.1.4 and Table 3.1.1). Fraction B2 from Affi-gel Blue gel with higher 
cell-free protein synthesis-inhibitory activity was chosen for further purification. B2 
was fractionated into one major unadsorbed peak Cl and one minor adsorbed peak C2 
from CM-Sepharose fast flow column (Fig. 3.1.5). Their SDS-PAGE patterns are 
shown in Fig. 3.1.6. Cell-free protein synthesis-inhibitory activities of hairy melon 
fractions from the CM-Sepharose fast flow column were compared (Fig. 3.1.7 and 
Table 3.1.2). Fraction C2 from CM-Sepharose fast flow column with higher cell-free 
protein synthesis-inhibitory activity was chosen for further purification. C2 was 
fractionated into three major peaks M 1 to M3 upon FPLC using a MonoS (Fig 3.1.8) 
Their SDS-PAGE patterns are shown in Fig. 3.1.9. Similarly, their cell-free protein 
synthesis-inhibiting activities were compared (Fig. 3.1.10 and Table 3.1.3). Fraction 
M3 with high cell-free activity gave a single peak in FPLC-gel filtration on Superdex 
75 (Fig. 3.1.11). Its molecular weight was determined to be 21 kDa in both gel filtration 
and SDS-PAGE (Figs. 3.1.11, 3.1.12). The N-terminal sequences of purified hispidin 
showed minimal homology to other RIPs but it showed some homology to dihydrodiol 
dehydrogenase (Table 3.1.4) Hispidin displayed very strong protein synthesis-
inhibitory activity with an ICso of 3.5 ng/ml i.e. 165 pM (Fig. 3.1.13). It also displayed 
76 
N-glycosidase activity by producing Endo's band, which is a key enzymatic activity of 
RIPs (Fig. 3.1.14). It also displayed ribonuclease activity (Table 3.1.5) and antifungal 
activity (Fig. 3.1.15, 3.1.16, 3.l.17 and 3.l.18). 
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3.1.2.1. Purification 
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Fig 3.1.2 Elution profile of the crude extract of Hairy Melon (Beninicasa hispida var 
chieh-gua) seeds from an Affi-gel Blue gel column which had been equilibrated with 
the starting buffer (10 mM Tris-HCI, pH 7.2). The gel was washed with starting buffer 
and then eluted with 1.5 M NaCI in the starting buffer. 
1 2 3 4 
Fig 3.1.3 Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis of hairy melon fractions from the Affi-
gel Blue gel column. Lane 1 shows Pharmacia 
molecular weight markers, from top downward: 
phosphorylase b (94 kDa), bovine serum albumin (67 
kDa) , ovalbumin (43 kDa), carbonic anhydrase (30 
kDa), soybean trypsin inhibitor (20 kDa) and u-
lactalbumin (14.4 kDa). Lanes 2, 3 and 4 show crude 
extract, Bland B2 respectively. 
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Fig. 3.1.4 Comparison of protein synthesis-inhibitory activities of hairy melon fractions 
from the Affi-gel Blue gel column (Data represent means ± SD, n=3) 
Table 3.1.1 Comparison of ICso values of hairy melon fractions from the Affi-gel Blue 
gel column in cell-free translation inhibition assay. 
Fraction ICso in cell-free translation inhibition assay 
Crude extract 1.6 J.lg/ml 
B1 158 J.lg/ml 
B2 0.2 J.lg/ml 
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Fig. 3.1.5 Elution profile of hairy melon fraction B2 from a CM-Sepharose fast-flow 
column previously equilibrated with the starting buffer (50 mM phosphate buffer, pH 
6.5). The gel was washed initially with the starting buffer and subsequently eluted with 
a linear gradient of 0-0.5 M NaCI in the starting buffer. 
2 3 
Fig. 3.1.6 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of hairy melon 
fractions from the CM-sepharose column. Lane 1 shows Pharmacia molecular weight 
markers, from top downward: phosphorylase b (94 kDa), bovine serum albumin (67 
kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20 
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Fig. 3.1.8 Elution profile of hairy melon fraction C2 from a MonoS column previously 
equilibrated with the starting buffer (10 mM NH40Ac, pH 4.6). The gel was washed 
initially with the starting buffer and subsequently eluted with a linear concentration 
gradient (0-0.5 M NaCI) in the starting buffer. 
1 2 3 4 
Fig. 3.1.9 Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of hairy 
melon fractions from the MonoS column. 
Lanes 1 and 2 show M1 and M3, 
respectively. Lane 3 shows Pharmacia 
molecular weight markers, from top 
downward: phosphorylase b (94 kDa), 
bovine serum albumin (67 kDa), ovalbumin 
(43 kDa), carbonic anhydrase (30 kDa), 
soybean trypsin inhibitor (20 kDa) and a,-











































2 4 6 
log protein concentration in pg/ml 
8 10 
Fig. 3.1.10 Comparison of protein synthesis-inhibitory activities of hairy melon 
fractions from the MonoS column (Data represent means± SD, n=3). 
Table 3.1.3 Comparison of ICso values of hairy melon fractions from the MonoS 
column in cell-free translation inhibition assay. 
Fraction ICso in cell-free translation inhibition assay 
M1 4.46 Jlg/ml 
M2 0.0063 Jlg/ml 
M3 1 Jlg/ml 
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Fig. 3.1.11 Elution profile of hairy melon fraction M2 from a Superdex 75 column 
previously equilibrated with the starting buffer (100 mM NH4HC03, pH 9.0). Hispidin 
(hairy melon RIP) was eluted at 12.4 ml corresponding to a molecular weight of21 kDa. 
3.1.2.2 Molecular Weight Determination 
1 2 
Fig. 3.1.12 Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis of hairy melon fractions from the 
Superdex 75 column. Lane 1 shows Pharmacia molecular 
weight markers, from top down\vard: phosphorylase b (94 
kDa), bovine serum albumin (67 kDa), ovalbumin (43 
kDa), carbonic anhydrase (30 kDa), soybean trypsin 
inhibitor (20 kDa) and a-lactalbumin (14.4 kDa). Lane 2 
shows purified hispidin. 
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3.1.2.3 N-terminal Amino Acid Sequence 
Table 3.1.5 Comparison ofN-terminal sequences of hispidin with angiosperm ribosome 
inactivating proteins (RIPs) and dihydrodiol dehydrogenase. Identical amino acids are 
indicated in bold. The sequences of RIPs and dihydrodiol dehydrogenase are obtained 
from Pub Med Blast search and Wu et aI., 1998. 
Protein 
Hispidin 
Abrin A chain(5) : 
Ricin A chain(9): 
I r i s type I RI P (24): 
pokeweed antiviral protein 
Saporin (12): 
Sechium edule RIP (2): 
Dihydrodiol dehydrogenase (4): 
Amino acid sequence 
IWG"QVF" "DF"EAGCGEG 
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Fig. 3.1.13 The protein synthesis-inhibitory activity of purified hispidin (lCso= 3.5 
ng/ml i.e. 165 pM) (Data represent means ±SD, n=3). 
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3.1.2.5 Assay for N-glycosidase activity 
Quantitation is necessary to determine the amount of RNA us'ed for the N-
glycosidase assay. This is accomplished by measuring absorbance at 260 nm and 280 
nm. The UV light analysis may be used to derive not only information about the 
concentration of the sample but also its purity. The 260:280 ratio (A260/ A280) 
determines the ratio of RNA: protein in a sample. A ratio of 2±0.05 is usually judged to 
be pure enough for further analytical purposes. The calculated amount of RNA was 
1.97 ~g per 1 00 ~l of lysate and the ratio A260/ A280 was 2.04. Thus the RNA was 







+- Endo' s band 
Fig. 3.1.14 Effects of hispidin on rRNA. Molecular sizes of RNA markers CM) on the 
left are indicated as number of kilobase pairs (kb). T, Wand H show trichosanthin, 
water and hispidin without acid aniline treatment, respectively. TA, W A and HA show 
trichosanthin, water and hispidin with acid aniline treatment, respectively. 
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3.1.2.6 Assay for ribonuclease activity 
Table 3.1.6 Activity of hispidin and other RIPs on tRNA. One activity unit is defined as 
an absrobance increase at 260 nm of one by 1 mg of protein in 1 hour. 






3.1.2.7 Assay for dehydrogenase activity 
Hispidin did not display any dehydrogenase activity up to 500 JlM. 
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3.1.2.8 Assay for antifungal activity 
Fig. 3.1.1S Inhibitory actIvIty of hispidin towards Coprinus comatus (A) 0.1 M 
NH40Ac (pH S.S), 10 ~l, (B) 20 ~g hispidin in 10 ~l 0.1 M NH40Ac (pHS.S) and (C) 
1 00 ~g hispidin in 1 0 ~l 0.1 M NH40Ac (pHS.S). 
Fig. 3.1.16 Inhibitory activity of hispidin towards Fusarium oxysporum (A) 0.1 M 
NH40Ac (PH S.S), 1 0 ~l, (B) 20 ~g hispidin in 1 0 ~l 0.1 M NH40Ac (pHS.S) and (C) 
1 00 ~g hispidin in 1 0 ~l 0.1 M NH40Ac (pHS .S). 
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Fig. 3.1.17 Inhibitory activity of hispidin towards Physalospora piricola (A) 0.1 M 
NH40Ac (PH S.S), 10 f.l l, (B) 20 f.lg hispidin in 10 f.ll and (C) 100 f.lg hispidin in 10 f.ll 
0.1 M NH40Ac (pHS.S). 
Fig. 3.1.18 Inhibitory activity of hispidin towards Mycosphaerella arachidicola (A) 0.1 
M NH40Ac (pH S .S), 10 f.ll, (B) 20 f.lg hispidin in 10 f.ll and (C) 100 f.lg hispidin in 10 
f.ll 0.1 M NH40Ac (pHS.S). 
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3.1.2.9 Assessment of purity, yield and activity 
The purification of RIP from hairy melon is summarized in Table 3.1.7 
Approximately 0.3 mg purified protein was obtained from 100 g starting material. 
Activity was monitored at each step by determining the inhibition of protein synthesis 
in the rabbit reticulocyte system. The specific activity of the protein was increased from 
625 U x 106/mg of the crude extract to 285714 U x 106/mg after the gel filtration step. 
The purity of the protein at different stages of purification was analyzed by SDS-
polyacrylamide gel electrophoresis and subsequently by silver staining which has a 
sensitivity of detecting proteins in the range of nanogram per band (Figure 3.1.12). The 
crude extract contained a heterogeneous assembly of proteins, from which 
contaminating proteins were removed as the proteins passed through different types of 
chromatographic columns. Finally, a single distinct band of protein (Hispidin) with a 
molecular weight of around 20,000 Da was obtained. The purified protein was stable 
for months at -20°C. 
Table 3.1. 7 A summary of the purification of hispidin from hairy melon. 
Fraction Protein ICso Specific activity Total activity Yield (%) 
(mga) (Uh) (U x 106/mg) (U x 106) 
Crude 612 1600 625 382500 100 
extract 
B2 56 200 5000 280000 73.2 
C2 22 100 10000 220000 57.5 
M2 0.8 6.3 158730 126984 33 .2 
Hispidin 0.3 3.5 285714 85714 22.4 
a Protein obtained from 100 g of starting material. 
b ICso is expressed in U. One U is defined as the amount of protein (ng/ml) inhibiting 
protein synthesis by 50%. 
91 
3.1.3. Discussion 
A novel type I RIP has been isolated and characterized from the seeds of hairy 
melon (Benincasa hispida var chieh-gua), which belongs to the family of 
Cucurbitaceae. 
Different chromatographic methods were tried to obtain a pure and biologically 
active protein, which is named as hispidin. Hispidin, as displayed by SDS-PAGE and 
reconfirmed by gel filtration on Superdex 75, has a molecular weight of around 21 kDa, 
which is smaller than the reported molecular weight of typical RIPs which are around 
30 kDa (Barbieri et aI., 1993) although, recently, two RIPs, lagenin (Wang et aI., 2000) 
and pisavin (Lam et aI., 1998) with molecular weights of around 20 kDa have been 
isolated. 
Cell-free protein-synthesis inhibitory activity assay was used in the purification 
process and fraction with higher cell-free activity was chosen for further purification. 
600 Ing of protein was obtained from extraction of 100 g of seeds and was applied to 
the Affi-gel Blue gel column. RIPs are known to bind to Affi-gel Blue gel and also to 
cation exchangers due to their high pI values. Hispidin was adsorbed on Affi-gel Blue 
gel , CM-Sepharose and MonoS column as this chrolnatographic behaviour is expected 
from other RIPs (Lam et aI., 1998, Wang et aI., 2000). Superdex 75 was used as final 
step to elute the purified protein and also to reconfirm the molecular weight. 0.3 mg of 
purified protein w'as obtained from around 600mg of crude extract. The specific activity 
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of hispidin increased from 625 U x 106 fmg in crude extract to 285714 U x 106 fmg and 
the yield of the protein was 220/0. 
This new RIP from hairy melon displays its catalyti~ activity In a similar 
manner to that of other RIPs. It differs from previously identified RIPs in molecular 
weight except lagenin and pisavin has similar molecular weight. The N-terminal amino 
acid sequence of hispidin shows very low homology to those of other RIPs. On the 
other hand, in the search for the relatedness of hispidin with other proteins from the 
Pub Med BLAST search, it was found to have some homology with dihydrodiol 
dehydrogenase. However, hispidin did not display any dehydrogenase activity. 
The enzymatic properties of hispidin were typical of RIPs. It displayed N-
glycosidase activity by producing an Endo' s band around 450 basepair in size and very 
strong cell-free protein synthesis inhibitory activity with an ICso of 3.5 mg/ml i.e. 165 
pM. This ICso of RIPs is similar to those previously reported for other RIPs (Barbieri et 
aI., 1993). Hispidin also displayed weak ribonuclease activity on tRNA of 6.56 U/mg 
that is considerably lower than reported for momordin (1014 U/mg) but is higher than 
reported for trichosanthin (0.5 U/mg) (Mock et aI. , 1996). Interestingly hispidin 
displayed anti-fungal activity. The fact that hispidin exerts an inhibitory action on 
fungal growth is consistent with the presence of antifungal activity in RIPs (Leah et al., 
1991). The antifungal effect is species-specific since Coprinus comatus, Fusarium 
oxysporum, Physalospora piricola and Mycosphaerella arachidicola but not Botrytis 
cinerea are sensitive to hispidin. The anti-fungal activity of hispidin may be ascribed to 
93 
its ribosome-inactivating activity since fungal ribosomes are sensitive to RIPs (Roberts 
et aI., 1986). 
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3.2. Purification and Characterization of Momorchin from Dried Bitter Gourd 
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3.2.1. Introduction 
Dried ripe seeds of bitter gourd were purchased from a local seed supplier. A 
crude extract was obtained according to the procedure described earlier in section 2.2.2. 
The purification scheme of momorchin from dried bitter gourd seeds is summarized in 
Figure 3.2.1. 
The crude extract as obtained earlier was passed through a 0.22 J.lm synnge 
filter (N algene) to remove any particulates. The clear filtrate was applied to a 5.5 x 12 
cm Econo-column (Bio-Rad) containing 200 ml of DEAE-cellulose (Sigma) 
equilibrated with the starting buffer, 10 mM Tris-HCI (pH7.2). The column was 
washed with the same buffer to elute the unadsorbed proteins until the absorbance at 
280 nm was less than 0.05, and then the adsorbed protein was eluted with 1.5 M NaC 1 
in the starting buffer. Fractions of 6 ml were collected at a flow rate of 1 ml/min. 
Protein peaks monitored by A280 were collected. The unadsorbed fraction was then 
directly applied to a 1.5 x 20-cm Econo-column (Bio-Rad) containing 100 ml of Affi-
gel Blue gel equilibrated with the starting buffer, 10 mM Tris-HCI (pH7.2). The 
column was washed with the same buffer to elute the unadsorbed proteins until the 
absorbance at 280 nm was less than 0.05, and then the adsorbed proteins were eluted 
with 1.5 M NaC 1 in the starting buffer. Fractions of 6 ml were collected at a flow rate 
of 1 mllmin. Protein peaks monitored by A280 were collected, and the fractions were 
assayed for protein synthesis-inhibitory activity. The adsorbed protein solution was 
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then dialyzed extensively against distilled water for 36 hours at 4 QC with four changes 
of water and then lyophilized. 
The lyophilized powder was dissolved in 10mM NH40Ac buffer (pH 4.6) and 
applied to a 1 ml FPLC MonoS (HR 5/5) column, which had been pre-equilibrated with 
the same buffer, through an FPLC (Pharmacia AKT A Purifier) system. After eluting 
the unadsorbed proteins with the same buffer, a linear NaC 1 gradient (0 to 1 M) in the 
starting buffer was applied to elute the adsorbed proteins at a flow rate of 1 mllmin. 
Finally, the active fraction was dialyzed and lyophilized. Part of the lyophilized protein 
was dissolved in 200 J.lI 0.1 M NH4HC03 (pH 9). It was applied to an FPLC Superdex 
75 column, which had been pre-equilibrated with 0.1 M NH4HC03 buffer (pH 9) and 
was then eluted at a flow rate of 0.4 mllmin. 
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Crude extract of dried Momordica charantia seeds 
Anion exchange chromatography 
on DEAE cellulose 
Unadsorbed fraction (Dl) 
Affinity chromatography 
on Affi-gel Blue Gel 
Unadsorbed fraction CB 1) 
Adsorbed fraction (D2) 
Adsorbed fraction (B2) 
Cati on -exchange chromatography 
on Mono S 
I 
Adsorbed fractions CM 1 and M2) Adsorbed fraction (M3) 
Gel Filtration 
on Superdex 75 
Momorchin 
Fig 3.2.1 Purification Scheme of Momorchin (napin-like protein) from Dried Bitter 
Gourd (Momordica charantia) Seeds. 
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3.2.2. Results 
Anion chromatography of a crude extract of bitter gourd seeds on DEAE-cellulose 
column yielded a large unadsorbed peak (D 1) and a smaller adsorbed peak (D2) (Fig. 
3.2.2). Their SDS-PAGE patterns are shown in Fig. 3.2.3. Fraction DI containing 
around 30 kDa proteins (already isolated momorcharins) and low molecular weight 
proteins was chromatographed on Affi-gel Blue gel yielding a large unadsorbed peak 
(B 1) and a smaller adsorbed peak (B2) (Fig. 3.2.4). Their SDS-PAGE patterns are 
shown in Fig. 3.2.5. B2 fraction containing around 30 kDa protein (already purified 
momorcharin) and major band with low molecular weight proteins was chosen for 
further purification. B2 was fractionated into three major MI, M2 and M3 adsorbed 
peaks (Fig. 3.2.6) from MonoS column Their SDS-P AGE patterns are shown in Fig. 
3.2.7. Already purified a-and ~-momorcharins were presented in MI and M2 
respectively. Fraction M3 with a major low molecular weight protein gave a single 
peak in FPLC-gel filtration on Superdex 75 (Fig. 3.2.8). Its molecular weight was 
determined to be 9.7 kDa in both gel filtration and SDS-PAGE (Figs. 3.2.8 and 3.2.9). 
The N-terminal sequences of purified momorchin showed considerable homology to 
7.8 kDa napin-like protein from Momordica charantia and some homology to other 
AGRPs (Table 3.2.1 and 3.2.2). Momorchin displayed a weak protein synthesis-
inhibitory activity with an ICso of 400 nM (Fig. 3.2.10). It also displayed N-glycosidase 
activity by producing a 470 base pair fragment but it was unlike Endo's band which is 
characteristic of other known typical RIPs (Fig. 3.2.11). It did not display any 
ribonuclease activity up to 3 ~g. 
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3.2.2.1. Purification 
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Fig. 3.2.2 Elution profile of the crude extract of bitter gourd (Momordica charantia) 
seeds from a DEAE-cellulose column which had been equilibrated with the starting 
buffer (10 mM Tris-HCI, pH 7.2). The gel was washed initially with the starting buffer 
and subsequently eluted with 1.SM NaCI in the starting buffer. 
1 2 3 4 
Fig. 3.2.3 Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of bitter 
gourd fractions from the DEAE-cellulose 
column. Lanes 1, 2 and 3 show crude 
extract, D 1. and D2, respectively. Lane 4 
shows Pharmacia molecular weight 
markers, from top downward: 
phosphorylase b (94 kDa), bovine serum 
albumin (67 kDa), ovalbumin (43 kDa), 
carbonic anhydrase (30 kDa), soybean 
trypsin inhibitor (20 kDa) and u-
lactalbumin (14.4 kDa). 
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Fig. 3.2.4 Elution profile of bitter gourd fraction Dl from an Affi-gel Blue gel column 
which had been equilibrated with the starting buffer (10 mM Tris-HCI, pH 7.2). The gel 
was washed initially with the starting buffer and subsequently eluted with 1.5M NaCI 
in the starting buffer. 
1 2 3 
Fig. 3.2.5 Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis of bitter gourd fractions from the Affi-
gel Blue gel column. Lanes 1 and 2 show Bland B2 
respectively. Lane 3 shows Pharmacia molecular 
weight markers, from top downward: phosphorylase b 
(94 kDa), bovine serum albumin (67 kDa), ovalbumin 
(43 kDa), carbonic anhydrase (30 kDa), soybean 
trypsin inhibitor (20 kDa) and a-lactalbumin (14.4 
kDa). 
101 










QO 500 M 
800 
---
= 0 .... 
..... 
~ 




600 ~ ..... 
= ~ 
~ ~ 












0 10 20 30 40 50 60 
Elution volume (ml) 
Fig. 3.2.6 Elution profile of bitter gourd fraction B2 from a MonoS column previously 
equilibrated with the starting buffer (10 mM NH40Ac, pH 4.6). The gel was washed 
initially with the starting buffer and then eluted with a linear gradient of 0-1 M NaCI in 
the starting buffer. 
2 3 4 5 6 7 
Fig. 3.2.7 Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of 
bitter gourd fractions from the MonoS 
column. Lanes 1, (3 & 4) and (6 &7) 
show Ml, M2 and M3, respectively. 
Lane 2 shows Pharmacia molecular 
weight markers, from top downward: 
phosphorylase b (94 kDa), bovine 
serum albumin (67 kDa), ovalbumin 
(43 kDa), carbonic anhydrase (30 kDa), 
soybean trypsin inhibitor (20 kDa) and 
a-lactalbumin (14 .4 kDa). Lane 5 
shows Pharmacia molecular weight 
markers, from top downward: triose 
phosphate isomerase (26.7 kDa), 
myoglobin (16.9 kDa), a-lactalbumin 
( 14.4 kD a) , aproti n i n ( 6.5 kDa) and 
oxidized insulin b chain (3.5 kDa). 
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Fig. 3.2.8 Elution profile of bitter gourd fraction M3 from a Superdex 75 column 
previously equilibrated with the starting buffer (100 mM Nf4HC03, pH 9.0). 
Momorchin was eluted at 14.7 ml corresponding to a molecular weight of9.7 kDa. 
3.2.2.2. Molecular weight determination 
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Fig. 3.2.9 Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis of Momorchin. Lane 1 shows Pharmacia 
molecular weight markers, from top downward: 
phosphorylase b (94 kDa), bovine serum albumin (67 
kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), 
soybean trypsin inhibitor (20 kDa) and a-lactalbumin 
(14.4 kDa). Lane 2 shows Pharmacia molecular weight 
markers, from top downward: triose phosphate isomerase 
(26.7 kDa), myoglobin (16.9 kDa), a-lactalbumin (14.4 
kDa), aprotinin (6.5 kDa) and oxidized insulin b chain 
(3.5 kDa). Lanes 3 shows Momorchin. 
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3.2.2.3. N-terminal amino acid sequence 
Table 3.2.1 Comparison of N-terminal sequences of momorchin with 7.8 kDa napin-
like protein from Momordica charantia seeds. Identical amino acids are indicated in 




7.8 kDa napin-like protein (15) 
Amino acid sequence 
LRNVEQQCRADALVERAQELIHGQQ 
LRNVEEQCRCDALQEIAREV·QCQE 
Table 3.2.2 Comparison of N-terminal sequences of momorchin with arglnlne-
glutamate rich polypeptides (AGRPs) from Luffa cylindrica seeds. Arginine (R), 
glutamine (E) and glutamate (Q) are indicated in bold. The sequences of AGRPs are 
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Fig. 3.2.10 Protein synthesis-inhibitory activity of Momorchin with ICso of 400 nM. 
(Data represent means ± SD, n=3). 
3.2.2.5. Assay for ribonuclease activity 
Momorchin did not display any ribonuclease activity up to 3 ~g. 
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Fig. 3.2.11 Effect of 
momorchin on rRNA. 
Molecular sizes of 
RNA markers (M) on 
the left are indicated as 
number of kilobase 
pairs (kb). T and S 
show trichosanthin and 
momorchin without 
acid aniline treatment 
respectively. TA and 
HA show trichosanthin 
and momorchin with 
acid aniline treatment 
respecti ve I y. 
y = -3.34x + 16 
• 
3.0 3.5 4.0 
log molecular weight (bp) 
4.5 
Fig. 3.2.12 Calibration curve of formaldehyde RNA gel with RNA markers. The 
molecular weights of RNA fragments are calculated by linear regression from the 
calibration curve. 
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3.2.2.7. Assessment of purity, yield and activity 
The purification of momorchin from bitter gourd is summarized in Table 3.2.3. 
Approximately 1.6 mg momorchin was obtained from 20 g starting material. It 
displayed cell-free protein synthesis-inhibiting activity with an ICso of 400 nM. The 
purity of the protein at different stages of purification was analyzed by SDS-
polyacrylamide gel electrophoresis and subsequently by coomassie blue staining which 
has a sensitivity of detecting proteins in the range of microgram per band. The crude 
extract contained a heterogeneous assembl y of proteins, from which contaminating 
proteins were removed as the proteins passed through different types of 
chromatographic columns. Finally, a single distinct band of protein (momorchin) with a 
molecular \veight of 9.7 kDa was obtained (Figure 3.2.9). The purified protein was 
stable for months at - 20°C. 
Table 3.2. '" A sUI11m ary of purifi ca ti on Oflll 0lTI Orchill frolll bitter gourd. 
Fracti n Protein (ll1 ga) I ICs() (pgiJlll ) 
Crude extract 746 I NO 
01 34- I 0 
8 2 100 I D I 
M3 4 I ND 
M 1l1orch i n 1.6 I 3.9 
a Protein obtained frolll _0 g of tartin g mater ia l. 
0 : t Dt:: terlllined. 
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3.2.3. Discussion 
Momorchin isolated in the present study was structurally related to the major 
polypeptide chain of the napin-like protein isolated by Neumarn et al (1996). No 
biological activity has been reported for napin-like proteins. Momorchin appears to be a 
single-chained peptide unlike the napin-like protein which is composed of large and 
small chains. This discrepancy is probably attributed to the different varieties of bitter 
gourd. In Hong Kong at least two varieties are available: one with plump dark green 
fruits and another with slender, light green fruits. Momorchin possesses quite an 
abundance of glutamine, glutamic acid and arginine residues in its N-terminal and may 
thus be related to the AGRP s from Luffa cylindrica seeds. 
The molecular weight of momorchin (9.7 kDa) is lower than that of the small 
RIP y-momorcharin (11.5 kDa) purified from seeds of the same species. The 
translation-inhibiting activity of momorchin (ICso = 400 nM) is less potent than that of 
y-momorcharin (ICso = 55 nM). Momorchin exhibited an Endo's band in the N-
glycosidase assay, similar to the case in y-momorcharin. From the aforementioned 
characteristics it appears that momorchin, y-momorcharin and napin-like protein from 
bitter gourd seeds are related proteins. However, the lack of information regarding the 
amino acid sequence or composition and chromatographic behavior of y-momorcharin 
makes it difficult to draw more meaningful conclusions about the two proteins. 
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3.3.1. Introduction 
Dried ripe seeds of sponge gourd were purchased from a local seed supplier. A 
crude extract was obtained according to the procedure described earlier in section 2.2.2. 
The purification scheme of luffacylin from dried sponge gourd seeds is summarized in 
Figure 3.3.l. 
The crude extract as obtained earlier was passed through a 0.22 J.lm synnge 
filter (Nalgene) to remove any particulates. The clear filtrate was applied to a 5.5 x 12-
cm Econo-column (Bio-Rad) containing 200 ml of DEAE-cellulose equilibrated with 
the starting buffer, 10 mM Tris-HCI (pH7.2). The column was washed with the same 
buffer to elute the unadsorbed proteins until the absorbance at 280 nm was less than 
0.05. The adsorbed protein was then eluted with l.5 M NaC1 in the starting buffer. 
Fractions of 6 ml were collected at a flow rate of 1 mllmin. Protein peaks monitored by 
A280 were collected. The unadsorbed fraction was then directly applied to a 1.5 x 20-
cm Econo-column (Bio-Rad) containing 100 ml of Affi-gel Blue gel equilibrated with 
the starting buffer, 10 mM Tris-HCI (pH7.2). The column was washed with the same 
buffer to elute the unadsorbed proteins until the absorbance at 280 nm was less than 
0.05, and then the adsorbed proteins were eluted with 1.5 M NaC 1 in the starting buffer. 
Fractions of 6 ml were collected at a flow rate of 1 mllmin. Protein peaks monitored by 
A280 were collected, and the fractions were assayed for protein synthesis-inhibitory 
activity. The adsorbed protein solution was then dialyzed extensively against distilled 
water for 36 hours at 4 QC with four changes of water and then lyophilized. 
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The lyophilized powder was dissolved in 10 InM NH40Ac buffer (pH 4.6) and 
applied onto a CM-Sepharose fast-flow column with a bed volume of 50ml which had 
been pre-equilibrated with the same buffer. The column was washed thoroughly with 
the starting buffer until all the unadsorbed proteins had been eluted. A O-IM NaCI 
gradient in the same buffer was then applied to elute the adsorbed fraction, which was 
also the active fraction. Similarly, this active fraction was also dialyzed and lyophilized. 
The lyophilized powder was dissolved in 10mM NH40Ac buffer (pH 4.6) and 
applied to a 1-ml Mono-S (HR 5/5) column, which had been pre-equilibrated with the 
same buffer, through an FPLC (Pharmacia AKT A Purifier) system. After eluting the 
unadsorbed proteins with the same buffer, a linear NaC 1 gradient from 0 to 1 M in the 
starting buffer was applied to elute the adsorbed proteins at a flow rate of lmllmin. 
Finally, the active fraction was dialyzed, and lyophilized. Part of the protein was 
dissolved in 200 f.ll 0.1 M NH4HC03 (pH 9) and was applied to an FPLC Superdex 75 
column, which had been pre-equilibrated with 0.1 M NH4HC03 buffer (pH 9) and was 
then eluted at a flow rate of 0.4 mllmin. 
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Crude Extract of Luffa cylindrica 
I 
Anion exchange chromatography 
on DEAE cellulose 
Unadsorbed fraction (Dl) 
Affinity chromatography 
on Affi-gel Blue Gel 
I 
Unadsorbed fraction (B 1) 
Unadsorbed fraction (C 1) 
Adsorbed fraction (M 1 ) 
Adsorbed fractions 
C2 and C3 correspond 
to luffin-a and luffin-b 
respectively (already 
reported in literature) 
Adsorbed fraction (D2) 
Adsorbed fraction (B2) 
Cation-exchange chromatography 
on CM-Sepharose 
Adsorbed fraction (C4) 
Cati on -exchange chromatography 
on Mono S 
Adsorbed fraction (M2) 
(AGRP) 




Affinity chromatography of a crude extract of sponge gourd seeds on OEAE-
cellulose colulnn yielded a large unadsorbed peak (01) and a similar adsorbed peak 
(D2) (Fig. 3.3.2). Their SOS-PAGE patterns are shown in Fig. 3.3.3. Fraction D 1 was 
chromatographed on Affi-gel Blue gel yielding a large unadsorbed peak (B 1) and a 
smaller adsorbed peak (B2) (Fig. 3.3.4). Their SDS-PAGE patterns are shown in Fig. 
3.3.5. B2 fraction containing around 30 kDa protein (already purified luffin a and luffin 
b) and a major low molecular weight protein was chosen for further purification. B2 
was fractionated into one major unadsorbed peak Cl and two minor C2 and C3 and one 
major C4 adsorbed peaks (Fig. 3.3 .6) from CM-Sepharose fast flow column Their SDS-
PAGE patterns are shown in Fig. 3.3.7. Already purified luffin a and b were presented 
in C2 and C3 and major low molecular weight proteins present in fraction C4 which 
was chosen for the purification. C4 was fractionated into two major peaks M1 and M2 
upon FPLC using a MonoS (Fig 3.3.8) Their SOS-PAGE patterns are shown in Fig. 
3.3.9. Fraction M2 with a major low molecular weight protein gave a single peak in 
FPLC-gel filtration on Superdex 75 (Fig. 3.3.10). Its molecular weight was determined 
to be 7.9 kDa in both gel filtration and SOS-PAGE (Figs. 3.3.11 and 3.3.12). The N-
terminal sequences of purified luffacylin showed considerable homology to 6.5 kDa 
AGRP from Luffa cylindrica and some homology to other AGRPs from same plant 
species (Table 3.3.1). Luffacyl in displayed a very strong protein synthesis-inhibitory 
activity with an ICso of 14 pM (Fig. 3.3.12). It also displayed N-glycosidase activity by 
producing a 460 base pair fragment similar to a- fragment produced by luffin S from 
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same species but uncharacteristic of other known typical RIPs (Fig. 3.3.13). It did not 
display ribonclease activity but it exerted antifungal activity against various fungi (Fig. 
3.3. 14 and 3.3. 15). 
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3.3.2.1. Purification 
3.3.2.1.1. Anion exchange chromatography on DEAE-Cellulose 
3.5 
> 3 
D1 1.5 M NaCI 
e 2.5 
= 0 QO 
M 
~ 2 ~ 
~ 
~ 









0 1000 2000 3000 4000 5000 
Elution volume (ml) 
Fig. 3.3.2 Elution profile of the crude extract of sponge gourd (Luffa cylindrica) seeds 
from a DEAE-cellulose column previously equilibrated with the starting buffer (10 mM 
Tris-HCI, pH 7.2). The gel was initially washed with the starting buffer and 
subsequently eluted with 1.SM NaCI in starting buffer. 
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Fig. 3.3.3 Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis of sponge gourd fractions from the DEAE-
cellulose column. Lanes 1 and 2 show D 1 and D2 
respectively. Lane 3 shows Pharmacia molecular weight 
markers, from top downward: phosphorylase b (94 kDa), 
bovine serum albumin (67 kDa), ovalbumin (43 kDa), 
carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20 
kDa) and a-lactalbumin (14.4 kDa). 
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Fig. 3.3.4 Elution profile of sponge gourd fraction D1 from an Affi-gel Blue gel 
column previously equilibrated with the starting buffer (10 mM Tris-HCI, pH 7.2). The 
gel was initially washed with the starting buffer and subsequently eluted with 1.5M 
NaCI in the starting buffer. 
1 2 3 
Fig. 3.3.5 Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of sponge 
gourd fractions from the Affi-gel Blue gel 
column. Lane 1 shows Pharmacia molecular 
weight markers, from top downward: 
phosphorylase b (94 kDa), bovine serum 
albumin (67 kDa), ovalbumin (43 kDa), 
carbonic anhydrase (30 kDa), soybean trypsin 
inhibitor (20 kDa) and a-lactalbumin (14.4 
kDa). Lanes 2 and 3 show Bland B2 
respectively. 
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3.3.2.1.3. Cation exchange chromatography on CM Sepharose fast-flow 
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Fig. 3.3.6 Elution profile of sponge gourd fraction B2 from a CM-Sepharose fast flow 
column previously equilibrated with the starting buffer (50 mM phosphate buffer, pH 
6.5). The gel was washed initially with the starting buffer and subsequently eluted with 
0-1 M NaCI in the starting buffer. 
1 2 3 ( 4 5 
Fig. 3.3.7 Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of 
sponge gourd fractions from the CM-
Sepharose fast flow column. Lane 1 
shows Pharmacia molecular weight 
markers, from top downward: 
phosphorylase b (94 kDa), bovine serum 
albumin (67 kDa), ovalbumin (43 kDa), 
carbonic anhydrase (30 kDa), soybean 
trypsin inhibitor (20 kDa) and u-
lactalbumin (14.4 kDa). Lanes 2, 3,4 and 
5 show Cl, C2, C3 and C4 respectively. 
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Fig. 3.3.8 Elution profile of sponge gourd fraction C4 from a MonoS column 
previously equilibrated with the starting buffer (10 mM NH40Ac, pH 4.6). The gel was 
washed initially with the starting buffer and subsequently eluted with 0-1 M NaCI in the 
starting buffer. 
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Fig. 3.3 .9 Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of sponge 
gourd fractions from the CM-Sepharose fast 
flow column. Lanes (1 & 2) and (3 & 4) 
show M 1 and M2 respectively. Lane 5 shows 
Pharmacia molecular weight markers, from 
top downward: phosphorylase b (94 kDa), 
bovine serum albumin (67 kDa), ovalbumin 
(43 kDa), carbonic anhydrase (30 kDa), 
soybean trypsin inhibitor (20 kDa) and u-

















3.3.2.1.5. Gel filtration on Superdex 75 
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Fig. 3.3.10 Elution profile of sponge gourd fraction M2 from a Superdex 75 column 
previously equilibrated with the starting buffer (100 mM NH4HC03, pH 9.0). 
Luffacylin (AGRP) was eluted at 15.3 ml corresponding to a molecular weight of 7.9 
kDa. 
3.3.2.2. Molecular weight determination 
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Fig. 3.3.12 Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis of luffacylin. Lane 1 shows Pharmacia 
molecular weight markers, from top downward: triose 
phosphate isomerase (26.7 kDa), myoglobin (16.9 kDa), 
a-lactalbumin (14.4 kDa), aprotinin (6.5 kDa) and 




3.3.2.3. N-terminal amino acid sequence 
Table 3.3.1 Comparison ofN-terminal sequences of luffacylin with AGRPs from Luffa 
cylindrica. Identical amino acids are indicated in bold. The sequences of AGRPs are 
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Fig. 3.3.12 Protein synthesis-inhibitory activity of luffacylin with ICso of 14 pM. (Data 
represent means ± SD, n=3) 
3.3.2.5. Assay for ribonuclease activity 
The ribonuclease activity of luffacylin is 10.4 Units. One activity unit is defined 
as an absorbance increase at 260 nm of one by 1 mg of protein in one hour. 
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Fig. 3.3.13 Effects of luffacylin on rRNA. Molecular sizes of RNA markers (M) on the 
left are indicated as number of kilo base pairs (kb). T and L show trichosanthin and 
luffacylin without acid aniline treatment respectively. TA and LA show trichosanthin 
and luffacylin with acid aniline treatment respectively. 
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3.3.2.7. Assay for antifungal activity 
Fig. 3.3.14 Inhibitory activity of luffacylin towards Mycosphaerella arachidicola (A) 
0.1 M NH40Ac (pH S.S), 10 ~l, (B) 20 ~g luffacylin in 10 ~l NH40Ac (pHS.S) and (C) 
1 00 ~g luffacylin in 1 0 ~l NH40Ac (pHS.S). 
Fig. 3.3.1S Inhibitory activity of luffacylin towards Fusarium oxysporum (A) 0.1 M 
NH40Ac (pH S.S), 10 ~l , (B) 20 ~g luffacylin in 10 ~l NH40Ac (pHS .S) and (C) 100 
~g luffacylin in 1 0 ~l NH40Ac (pHS .S). 
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3.3.2.8. Assessment of purity, yield and activity 
The purification of luffacylin from sponge gourd is summarized in Table 3.3.2. 
Approximately 0.2 mg purified protein was obtained from 100 g starting material. The 
purified luffacylin displayed very strong cell-free protein synthesis-inhibiting activity 
with an IC so of 14 pM. The purity of the protein at different stages of purification was 
analyzed by SDS-polyacrylamide gel electrophoresis and subsequently by coomassie 
blue staining which has a sensitivity of detecting proteins in the range of microgram per 
band. The crude extract contained a heterogeneous assembly of proteins, from which 
contaminating proteins were removed as the proteins passed through different types of 
chromatographic columns. Finally, a single distinct band of protein (luffacylin) with a 
molecular weight of around 7.9 kDa was obtained (Fig. 3.3.12). The purified protein 
was stable for months at -20°C. 
Table 3.3.2 A summary of purification of luffacylin from sponge gourd . 
Fraction Protein (mga) ICso (pg/m I) 
Crude extract 1481 NO 
01 1030 NO 
B2 81 NO 
C4 24 NO 
M2 3 NO 
Luffacylin 0.2 110 
a Protein obtained from 100 g of starting material. 
NO: Not Determined . 
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3.3.3. Discussion 
Luffacylin isolated in the present study from Luffa cylindrica seeds exhibits 
considerable resemblance to the 6.5 kDa AGRP previously reported from seeds of the 
same species (Ishihara et aI., 1996). The molecular weight of luffacylin is slightly 
larger than that of the 6.S kDa AGRP. The present study showed that luffacylin 
possesses a potent cell-free translation inhibiting activity which falls within the range of 
potencies recorded for type 1 RIPs and was similar to ICso value (340 pM) reported for 
luffin-S (Gao et aI., 1994). However, the N-terminal sequence of luffacylin reveals that 
it is not a fragment of luffin-a or luffin-b, type 1 RIPs isolated from seeds of the same 
species. Luffin-S is abundant in Glx (i.e. Glu and GIn) and Arg residues as revealed by 
its amino acid composition (Gao et aI., 1994). It is also more strongly adsorbed on a 
CM-cellulose column than luffin-a and luffin-b, similar to the chromatographic 
behavior of luffacylin. Both luffin-S and luffacylin manifest ribonuclease activity. The 
actions of luffin-S and luffacylin on rRNA are similar. It is thus likely that luffacylin is 
very much related to the previously reported luffin-S and 6.5 kDa-AGRP. The 
estimated molecular weight of 10 kDa for luffin-a may not be very accurate because 
luffin -S ran below the marker with the lowest molecular weight in SDS-PAGE (Gao et 
ai., 1994). The antifungal activity of luffacylin is in line with similar findings on RIPs 
(Leah et ai., 1991). The present study elucidated the relationship between luffacylin, 
luffin-a, luffin-b, luffin-S and 6.S kDa AGRP from Luffa cylindrica seeds. 
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3.4. Purification and Characterization of a and f3 Benincasin from fresh Winter 
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3.4.1. Introduction 
Fresh seeds collected from winter melons were obtained locally. A crude extract 
was obtained according to the procedure described earlier in section 2.2.2. The 
purification scheme of AGRPs from fresh winter melon seeds is summarized in Figure 
3.4.1. 
The crude extract as obtained earlier was passed through a 0.22 J.lm syringe 
filter (Nalgene) to remove any particulates. The clear filtrate was applied to a 1.5 x 20-
cm Econo-column (Bio-Rad) containing 100 ml of Affi-gel Blue gel equilibrated with 
the starting buffer, 10 mM Tris-HCI (pH7.2). The column was washed with the same 
buffer to elute the unadsorbed proteins until the absorbance at 280 nm was less than 
0.05, and then the adsorbed protein was eluted with 1.5 M NaC 1 in the starting buffer. 
Fractions of 6 ml were collected at a flow rate of 1 ml/min. Protein peaks monitored by 
A280 were collected, and the fractions were assayed for protein synthesis-inhibitory 
activity. The adsorbed protein solution was then dialyzed extensively against distilled 
water for 36 hours at 4 QC with four changes of water and then lyophilized. 
The lyophilized powder was dissolved in 10mM NH40Ac buffer (pH 4.6) and 
applied onto a 1 ml FPLC Mono-S (HR 5/5) column, which had been pre-equilibrated 
with the same buffer, through an FPLC (Pharmacia AKT A Purifier) system. After 
eluting the unadsorbed proteins with the same buffer, a linear NaC 1 gradient from 0 to 
1 M in the starting buffer was applied to elute the adsorbed proteins at a flow rate of 
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1 ml/min. Finally, the active fraction was dialyzed and lyophilized. Part of the 
lyophilized protein was dissolved in 200 JlI 0.1 M NH4 HC03 (pH 9). It was applied to 
an FPLC Superdex 75 column, which had been pre-equilibrated \vith 0.1 M NH4HC03 
buffer, (pH 9) and was then eluted at a flow rate of 0.4 mllmin. 
Crude extract of fresh Benincasa hispida var. dong-gua seeds 
Unadsorbed fraction (B I ) 
Affinity chrolllatography 
on Affi-ge l Blue Gel 
I 
Adsorbed fraction (B2) 
Cation-exchange chrol11atography 
on Mono S by FPLC 
I 
Adsorbed fracti n CM I and M_) Adsorbed fraction s (M3) Adsorbed fraction (M4) 
cl l ' iltrati on 
n ."u t: rdc \ 7 - by ·P!. ' 
a -Bcnincas in 
(A(, RP) 
c l Filtrati on 
on Supcrdcx 75 by FPI 
~-Bcnincas in 
(AG RP) 
Fig: . ..t .1 Purificat i n - hCf11c f Benin a -in - fr 111 Frt:: h \\ ' intc r \t1cl on (Benincasa 
h i. I i 11 ,. J,.. I ) 11 \ 7 - ~ Il l) _ e C . 
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3.4.2. Results 
Affinity chromatography of a crude extract of winter melon seeds on Affi-gel Blue 
gel yielded a large unadsorbed peak (B 1) and a similar adsorbed peak (B2) (Fig. 3.4.2). 
Their SDS-PAGE patterns are shown in Fig. 3.4.3. Cell-free protein synthesis-
inhibitory activities of winter melon fractions from the Affi-gel Blue gel column were 
compared (Fig. 3.4.4 and Table 3.4.1). Fraction B2 from Affi-gel Blue gel with higher 
cell-free protein synthesis-inhibitory activity was chosen for further purification. B2 
was fractionated into four major peaks M1 to M4 upon FPLC using a MonoS (Fig 3.4.5) 
Their SDS-PAGE patterns are shown in Fig. 3.4.6. Similarly, their cell-free protein 
synthesis-inhibiting activities were compared (Fig. 3.4.7 and Table 3.4.2). Fraction M3 
and M4 with high cell-free activities gave a single peak each in FPLC-gel filtration on 
Superdex 75 named a-beninicasin and f3-benincasin respectively (Fig. 3.4.8 and Fig. 
3.4.9). Their molecular weights were determined to be 12 kDa each in both gel 
filtration and SOS-PAGE (Figs. 3.4.8, 3.4.9 and 3.4.10). The N-terminal sequences of 
purified a-beninicasin and f3-benincasin showed considerable homology to other 
AGRPs (Table 3.4.4) a-beninicasin and f3-benincasin displayed very strong protein 
synthesis-inhibitory activity with an ICso of 20 pM and 320 pM respectively (Fig. 
3.4.11 and Table 3.4.3). They also displayed ribonuclease activity and species specific 
antifungal activity (Fig. 3.4.12, 3.4.13 and 3.4.14). 
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3.4.2.1. Purification 
3.4.2.1.1. Affinity Chromatography on Affi-gel Blue Gel 
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Fig. 3.4.2 Elution profile of the crude extract of winter melon (Benincasa hispida var 
dong-gua) seed from an Affi-gel Blue gel column previously equilibrated with the 
starting buffer (10 mM Tris-HCI, pH 7.2). The gel was initially washed with starting 
buffer and subsequently eluted with 1.5 M NaCI in the starting buffer. 
1 2 3 4 
Fig. 3.4.3 Sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis of winter melon fractions from 
the Affi-gel Blue gel column. Lane 1 shows 
Pharmacia molecular weight markers, from top 
downward: phosphorylase b (94 kDa), bovine serum 
albumin (67 kDa), ovalbumin (43 kDa), carbonic 
anhydrase (30 kDa), soybean trypsin inhibitor (20 
kDa) and a-lactalbumin (14.4 kDa). Lanes 2, 3 and 
4 show crude extract, Bland B2 respectively. 
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Fig. 3.4.4 Comparison of protein synthesis-inhibitory actIvItIes of winter melon 
fractions from Affi-gel Blue gel column (Data represent means ± SD, n=3). 
Table 3.4.1 Comparison of ICso values of winter melon fractions from Affi-gel Blue gel 
column in cell-free translation inhibition assay. 
Fraction ICso in cell-free translation inhibition assay 
Crude extract 74 ng/ml 
Bl 750 ng/ml 
B2 10 ng/ml 
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3.4.2.1.2. Cation exchange chromatography on Mono-S 
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Fig. 3.4.5 Elution profile of winter melon fraction B2 from a MonoS column previously 
equilibrated with the starting buffer (10 mM NH40Ac, pH 4.6). The gel was washed 
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Fig. 3.4.6 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of winter melon 
fractions from the MonoS column. Lane 1 and 8 show Pharmacia molecular weight 
markers, from top downward: phosphorylase b (94 kDa), bovine serum albumin (67 
kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20 
kDa) and a-lactalbumin (14.4 kDa). Lanes (2 & 3), (4 & 5), 6 and 7 show Ml, M2, M3 
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Fig. 3.4.7 Comparison of protein synthesis-inhibitory activities of winter melon 
fractions from a MonoS column (Data represent means ± SD, n=3). 
Table 3.4.2 Comparison of ICso values of winter melon fractions from the MonoS 
column in cell-free translation inhibition assay. 
Fraction ICso in cell-free translation inhibition assay 
MI 4000 ng/ml 
M2 2800 ng/ml 
M3 0.4 ng/ml 
M4 3 ng/ml 
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3.4.2.1.3. Gel filtration on Superdex 75 
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Fig. 3.4.8 Elution profile of winter melon fraction M3 from a Superdex 75 column 
equilibrated with the starting buffer (100 mM NH4HC03, pH 9.0). a-Benincasin was 
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Fig.3.4.9 Elution profile of winter melon fraction M4 from a Superdex 75 column 
equilibrated with the starting buffer (100 mM NH4HC03, pH 9.0). f3-Benincasin was 
eluted at 14.4 ml corresponding to a molecular weight of 10.6 kDa. 
3.4.2.2. Molecular weight determination 
1 2 3 4 
Fig. 3.4.10 Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of winter 
melon fractions from the Superdex 75 
column. Lane 1 shows Pharmacia molecular 
weight markers, from top downward: 
phosphorylase b (94 kDa), bovine serum 
albumin (67 kDa), ovalbumin (43 kDa), 
carbonic anhydrase (30 kDa), soybean 
trypsin inhibitor (20 kDa) and a-lactalbumin 
(14.4 kDa). Lane 2 shows Pharmacia 
molecular weight markers, from top 
downward: triose phosphate isomerase (26.7 
kDa), myoglobin (16.9 kDa), a-lactalbumin 
(14.4 kDa), aprotinin (6.5 kDa) and oxidized 
insulin b chain (3.5 kDa). Lanes 3 and 4 
show a-and f3-benincasin respectively. 
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3.4.2.3. N-terminal amino acid sequence 
Table 3.4.3 Comparison ofN-terminal sequences of a and ~ beninicasin with arginine-
glutamate rich polypeptides (AGRPs) from luffa cylindrica seeds. Arginine (R), 
glutamine (E) and glutamate (Q) are indicated in bold. The sequences of AGRPs are 





















Table 3.4.4 Comparison of N-terminal sequences of a beninicasin with ~ beninicasin. 
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Fig. 3.4.11 Protein synthesis-inhibitory activity of a-benincasin and f3-benincasin 
(Data represent means ± SD, n=3). 
Table 3.4.5 Comparison of ICso values of a-benincasin and f3-benincasin in cell-free 
translation inhibition assay. 
Fraction ICso in cell-free translation inhibition assay 
a Benincasin 20pM 
f3 Benincasin 320 pM 
3.4.2.5. Assay for ribonuclease activity 
The ribonuclease activities of a and f3 benincasins are 2 and 0.4 Units. One 
activity unit is defined as an absorbance increase at 260 nm of one by 1 mg of protein 
in one hour. 
137 
3.4.2.6. Assay for antifungal activity 
Fig. 3.4.12 Inhibitory activity of a-Benincasin towards Coprinus comatus (A) 0.1 M 
NH40Ac (pH 5.5), 10 f.l1, (B) 20 f.lg a-Benincasin in 10 f.ll 0.1 M NH40Ac (pH 5.5) 
and (C) 100 f.lg a-Benincasin in 10 f.ll 0.1 M NH40Ac (pH 5.5). 
Fig. 3.4.13 Inhibitory activity of a-Benincasin to\vards Physalospora piricola (A) 0.1 
M NH40Ac (PH 5.5), 10 f.l1, (B) 20 f.lg a-Benincasin in 10 f.ll 0.1 M NH40Ac (pH 5.5) 
and (C) 100 f.lg a-Benincasin in 10 f.ll 0.1 M NH40Ac (pH 5.5). 
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Fig. 3.4.14 Lack of inhibitory actIvIty of a-Benincasin towards Mycosphaerella 
arachidicola (A) 0.1 M NH40Ac (pH 5.5), 10 JlI, (B) 20 Jlg a-Benincasin in 10 JlI 0.1 
M NH40Ac (PH 5.5) and (C) 100 Jlg a-Benincasin in 10 JlI 0.1 M NH40Ac (PH 5.5). 
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3.4.2.7. Assessment of purity, yield and activity 
The purification of benincasins from winter melon is summarized in Table 3.4.6. 
Approximately 0.4 mg a-benincasin and 0.6 mg f3-benincasin were obtained from 100g 
starting material. Activity was monitored at each step by determining the inhibition of 
protein synthesis in the rabbit reticulocyte system. The specific activity of the protein 
was increased from 13514 U x 106/mg of the crude extract to 4545455 U x 106/mg for 
a-benincasin and 294118 U/mg for f3-benincasin after the gel filtration step. The yield 
of purifed a-benincasin and f3-benincasin was 9.4% and 0.9% respectively. The purity 
of the protein at different stages of purification was analyzed by SDS-PAGE and 
subsequently by coomassie blue staining. The crude extract contained a heterogeneous 
assembly of proteins, from which contaminating proteins were removed as the proteins 
passed through different types of chromatographic columns. Finally,a-benincasin and 
f3-benincasin with a molecular weight of 11 and 10.6 kDa respectively were obtained. 
The purified proteins were stable for months at -20°C. 
Table 3.4.6 A summary of purification of Benincasins from winter melon. 
Fraction Protein ICso Specific activity Total activity 
(mga) (Ub) (U x 106/mg) (U x 106) 
Crude extract 1427 74 13514 19283784 
B2 68 10 100000 6800000 
M3 1 .75 0.4 2500000 4375000 
M4 1 .5 3 333333 500000 
a benincasin 0.4 0.22 4545455 1818182 
f3 benincasin 0.6 3.4 294118 176471 
a Protein obtained from 100 g of starting material. 
b IC so isexpressed in U. One U is defined as the amount of protein (ng/ml) inhibiting 











The proteins isolated from the winter melon (wax gourd), designated a- and f3-
beninicasins, can be considered as AGRPs because of their rich content of arginine, 
glutamate and glutamine residues in their N-terminal sequences. Both a- and f3-
beninicasins manifest potent translation-inhibitory activity, but only slight RNase and 
antifungal activities. The ICso values of their cell-free translation-inhibitory activity, 20 
pM for a-beninicasins and 320pM for f3-beninicasins, are in the range of values for 
type I RIPs and similar to that for luffacylin, an AGRP from Luffa cylinrica seeds 
reported in an earlier chapter. The weak antifungal activity of a- and ~-beninicasins is 
similar to a similar observation on RIPs which demonstrate weaker antifungal activity 
than antifungal proteins like chitinases. It is also known that RIPs have little or no 
RNase activity. The beninicasins also exhibit low RNase activity. The molecular 
weights of beninicasins (r-.J 10 kDa) are much lower than those of type I RIPs (25-32 
kDa). Beninicasins, like the RIPs, are adsorbed on Affi-gel Blue gel (Lam et aI., 1998) 
and Mono S. 
This study furnishes evidence for the presence of small proteins with cell-free 
translation-inhibitory activity in the winter melon seeds. 
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3.5.2.2. Molecular weight determination 
3.5.2.3. N-terminal amino acid sequence 
3.5.2.4. Assay for cell-free protein synthesis- inhibiting activity 
3.5.2.5. Assay for ribonuclease activity 




Fresh seeds were collected from ripe pumpkins obtained locally. A crude extract 
was obtained according to the procedure described earlier in section 2.2.2. The 
purification scheme of AGRPs from fresh pumpkin seeds is summarized in Figure 3.5.1. 
The crude extract as obtained earlier was passed through a 0.22 Ilm synnge 
filter (Nalgene) to remove any particulates. The clear filtrate was applied to a 1.5 x 20-
cm Econo-column (Bio-Rad) containing 100 ml of Affi-gel Blue gel equilibrated with 
the starting buffer, 10 mM Tris-HCI (pH7.2). The column was washed with the same 
buffer to elute the unadsorbed proteins until the absorbance at 280 nm was less than 
0.05, and then the adsorbed protein was eluted with 1.5 M NaCl in the starting buffer. 
Fractions of 6 ml were collected at a flow rate of 1 mllmin. Protein peaks monitored by 
A280 were collected, and the fractions were assayed for protein synthesis-inhibitory 
activity. The adsorbed protein solution was then dialyzed extensively against distilled 
water for 36 hours at 4 °c with four changes of water and then lyophilized. 
The lyophilized powder was dissolved in 10mM NH40Ac buffer (pH 4.6) and 
applied onto a lml Mono-S column (HR 5/5), which had been pre-equilibrated with the 
same buffer, through an FPLC (Phannacia AKTA Purifier) system. After eluting 
unadsorbed proteins with the same buffer, a linear NaC 1 gradient (0 to 1 M) in the 
starting buffer was applied to elute the adsorbed proteins at a flow rate of 1 mllmin. 
Finally, the active fraction was dialyzed and lyophilized. Part of the lyophilized protein 
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was dissolved in 200 f.ll 0.1 M NH4HC03 (pH 9). It was applied to a Superdex 75 
column, which had been pre-equilibrated with 0.1 M NH4HC03 buffer, (pH 9) and was 
eluted at a flow rate of 0.4 ml/min. 
Unadsorbed fraction (B 1) 
Crude Extract of Cucurbita moschata seeds 
Affinity chromatography 
on Affi-gel Blue Gel 
I 
Adsorbed fraction (B2) 
Cation-exchange chromatography 
on Mono S 
Adsorbed fractions (M 1, M2 and M3) Adsorbed fraction (M4 and M5) 
Gel filtration 
on Superdex 75 
a. moschin & 
J3 moschin 




Affinity chromatography of a crude extract of pumpkin seeds on Affi-gel Blue gel 
yeilded a large unasorbed peak (B 1) and a small adsorbed peak (B2) (Fig. 3.S.2). Their 
SDS-PAGE patterns are shown in Fig. 3.S.3. B2, containing a major low molecular 
weight band, was fractionated into five major peaks MI to MS upon FPLC using a 
MonoS column (Fig. 3.S.4). Their SDS-PAGE patterns are shown in Fig. 3.S.6. Both 
fractions M4 and MS gave a single peak in FPLC-gel filtration on Superdex 7S (Figs. 
3.S.7 and 3.S.8). Their molecular weights were 12 kDa in both gel filtration and SDS-
PAGE (Figs. 3.S.7, 3.S.8 and 3.S.9). The N-terminal sequences ofM4 (a-moschin) and 
M3 resembled an albumin precursor and that of MS (~-moschin) resembled Drosophila 
melanogaster programmed cell death gene product (Tables 3.S.1, 3.S.2 and 3.S.3). The 
cell-free protein synthesis-inhibiting activities of a-moschin and ~-moschin are shown 
in Fig. 3.S.1 0 and Table 3.S.4. Neither of them showed significant ribonuclease activity. 
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3.5.2.1. Purification 
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Fig. 3.5.2 Elution profile of crude extract of pumpkin (Cucurbita moschata) seeds from 
an Affi-gel Blue gel column previously equilibrated with the starting buffer (10 mM 
Tris-HCI, pH 7.2). The gel was washed initially with the starting buffer and then 
subsequently eluted with 1.5 M NaCI in the starting buffer. 
1 2 3 
Fig. 3.5.3 Sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis of pumpkin fractions from the 
Affi-gel Blue gel column. Lane 1 shows Pharmacia 
molecular weight markers, from top downward: 
phosphorylase b (94 kDa), bovine serum albumin 
(67 kDa), ovalbumin (43 kDa), carbonic anhydrase 
(30 kDa), soybean trypsin inhibitor (20 kDa) and a-
lactalbumin (14.4 kDa). Lanes 2 and 3 show Bland 
B2 respectively. 
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Fig. 3.5.4 Elution profile of pumpkin fraction B2 from a MonoS column previously 
equilibrated with the starting buffer (10 mM NH40Ac, pH 4.6). The gel was washed 
initially with the starting buffer and subsequently eluted with 0-1 M NaCI in the 
starting buffer. 
1 2 3 4 5 6 7 8 9 10 
Fig. 3.5.6 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of pumpkin 
fractions from the MonoS column. Lane 1 and 8 show Pharmacia molecular weight 
markers, from top downward: phosphorylase s (94 kDa), bovine serum albumin (67 
kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20 
kDa) and a-lactalbumin (14.4 kDa). Lanes (2 & 3), (4 & 5), (6 & 7), 9 and 10 show M 1, 
M2, M3 , M4 and M5 respectively. 
147 
3.5.2.1.3. Gel filtration on Superdex 75 
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Fig. 3.5.7 Elution profile of pumpkin fraction M4 from a Superdex 75 column 
previously equilibrated with the starting buffer (100 mM NH4HC03, pH 9.0). u-
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Fig. 3.5 .8 Elution profile of pumpkin fraction M5 from a Superdex 75 column 
previously equilibrated with the starting buffer (100 mM NH4HCO}, pH 9.0). f3-
Moschin was eluted at 14 ml corresponding to a molecular weight of 12 kDa. 
3.5.2.2. Molecular weight determination 
1 2 3 4 
Fig. 3.5.9 Sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis of a-Moschin and f3-Moschin. 
Lane 2 shows Pharmacia molecular weight markers, 
from top downward: phosphorylase b (94 kDa), 
bovine serum albumin (67 kDa), ovalbumin (43 
kDa), carbonic anhydrase (30 kDa), soybean trypsin 
inhibitor (20 kDa) and a-lactalbumin (14.4 kDa). 
Lane 3 shows Pharmacia molecular weight markers, 
from top downward: triose phosphate isomerase 
(26.7 kDa), myoglobin (16.9 kDa), a-lactalbumin 
(14.4 kDa) , aprotinin (6 .5 kDa) and oxidized insulin 
b chain (3.5 kDa). Lanes 1 and 4 show a-Moschin 
and f3-Moschin respectively. 
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3.5.2.3. N-terminal amino acid sequence 
Table 3.5.1 Comparison of N-terminal sequences of a-moschin with Drosophila 
melanogaster programmed cell deathn gene product. Arginine (R), glutamine (E) and 
glutamate (Q) are indicated in bold. The sequence of Drosophila melanogaster gene 





Amino acid sequence 
ERRAERESQMRADEEFG' .. 'SQVQYLTQQRRARL 
melanogaster ... AQQE . QMRAQEEMKHS I LSQV' . LDQQARARL 
Table 3.5.2 Comparison ofN-terminal sequences of f3-moschin with prepro2S albumin 
(Cucurbit sp.) and fraction M3 from MonoS from pumpkin seeds. Identical amino acids 
are indicated in bold. The sequence of prepro2S albumin is obtained from PubMed 




Fraction M3 from MonoS 




Table 3.5.3 Comparison of N-terminal sequences of a-moschin with f3-moschin. 
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Fig. 3.5.10 Protein synthesis-inhibitory activities of a- and ~-Moschin (Data represent 
means ± SO, n=3). 
Table 3.5.4 Comparison of ICso values of a and ~ Moschin In cell-free translation 
inhibition assay. 
Fraction IC so in cell-free translation inhibition assay 
a-Moschin 17 ).lM 
~-Moschin 300 nM 
3.5.2.5. Assay for ribonuclease activity 
a and ~ rnoschins sho\v no ribonuclease activity up to 3 and 2 ~lg respectively. 
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3.5.2.6. Assessment of purity, yield and activity 
The purification of moschins from pumpkin is summarized in Table 3.5.5. 
Approximately 0.24 mg a-moschin and 0.25 mg ~-moschin were obtained from 100 g 
starting material. The purifed a-moschin and ~-moschin displayed cell-free protein 
synthesis-inhibiting activity with ICso of 17 f.lM and 300 nM respectively. The purity of 
the protein at different stages of purification was analyzed by SDS-polyacrylamide gel 
electrophoresis and subsequently by coomassie blue staining which has a sensitivity of 
detecting proteins in the range of microgram per band. The crude extract contained a 
heterogeneous assembly of proteins, from which contaminating proteins were removed 
as the proteins passed through different types of chromatographic columns. Finally, 
single distinct bands of a-moschin and ~-moschin with molecular weight of 12 kDa 
each were obtained (Fig. 3.5.9). The purified proteins were stable for months at -20°C. 
Table 3.5.5 A summary of pur if cation of a and ~ moschin from pumpkin. 
Fraction Protein (mga) I Cso (f.lg/ml) 
Crude extract 2404 ND 
B2 48 ND 
M4 1.5 ND 
M5 2 ND 
a-moschin 0.24 204 
~-moschin 0.25 3.6 
a Protein obtained from 100 g of starting material. 
ND: Not Determined. 
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3.5.3 Discussion 
~-Moschin isolated from Mono S column fraction M4 and the 'protein in Mono 
S column fraction MS are rich in arginine and glutamic acid in their N-terminal 
sequences. They can thus be called AGRPs. They show sequence resemblance to an 
albumin precursor. In this study it is shown that the albumin-like AGRP from pumpkin 
seeds designated ~-moschin displays a cell-free translation-inhibiting potency (ICso = 
300 nM) which is lower than those of type 1 and type 2 RIPs (Barbieri et aI., 1993). 
Type 1 RIPs may exhibit an ICso of several to less than 1 nM while type 2 RIPs may 
have an ICso around 90 nM. ~-Moschin is thus much less potent in translation-
inhibiting activity than luffacylin although both of them are AGRPs. This is probably 
due to specific sequence requirements rather than gross abundance in arginine, 
glutamate and glutamine residues in the molecule for a potent translation-inhibiting 
activity. 
a-Moschin isolated from Mono S column fraction M4 is also an AGRP but 
interestingly it also exhibits sequence homology to the programmed cell death gene 
product of the fruit fly. a-Moschin has a much lower translation-inhibiting activity 
than ~-moschin. This suggests that specific sequence requirements rather than 
abundance of certain basic amino acid residues is crucial to the translation-inhibitory 
activity. 
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This study shows that the pumpkin seed also elaborates AGRPs of varying 
translation-inhibiting potencies. 
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Chapter 4 General Discussion and Conclusion 
In this investigation a novel 20 kDa RIP designated hispidin was isolated from 
hairy melon seeds and low molecular-weight (.Cl. or < 10 kDa) proteins/peptides were 
isolated from seeds of the bitter gourd, sponge gourd, pumpkin and winter melon (wax 
gourd). Hispidin exhibits an N-terminal sequence distinct from those of pisavin (Lam 
et aI., 1998) and lagenin (Wang and Ng, 2001) which are similar to hispidin in 
molecular weight. It is remarkable that although hispidin has an N-terminal sequence 
showing similarity to dihydrodiol dehydrogenase, it has no such enzyme activity. 
Because hispidin exhibits N-glycosidase activity as well as potent cell-free translation-
inhibiting activity, it can be considered as a novel RIP. Antifungal activity has been 
shown to be an attribute of RIPs (Leah et aI., 1993). Hispidin exhibits antifungal 
activity, in line with this observation. 
Previously two small RIPs designated y-momorcharin and luffin-S have been 
isolated from the seeds of the bitter gourd and the sponge gourd, respectively. However, 
information from these studies was incomplete. In the case of y-momorcharin 
information about the isolation procedure and amino acid sequence or composition data 
is lacking. In the case of luffin-S amino acid sequence information is not available. 
The presence of proteins related to y-momorcharin and luffin-S was therefore re-
investigated in the present study. It was found that luffacylin, a small protein 
structurally related to luffin-S and the 6.5 kDa AGRP from Luffa cylindrica seeds could 
be isolated. Luffacylin is shown to possess translation-inhibitory activity and yield a 
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band related to Endo's band typical of the action of RIPs. Luffacylin is not a fragment 
of luffin-a or luffin-b. Momorchin was isolated from bitter gourds. It shows sequence 
similarity to the major chain of napin-like protein from the bitter gourd. It is not a 
fragment of either u- or f3-momorcharin. It yields a band related to Endo's band when 
rRNA is used as substrate. These small RIPs therefore do not originate from type I 
RIPs, are structurally xdifferent from type I RIPs but express activities similar to those 
of type 1 RIPs like translation-inhibiting, N -glycosidase and antifungal activities. In the 
present investigation the seeds of two more Cucurbitaceous species, the pumpkin and 
the winter melon, were examined for the presence of proteins/peptides with translation-
inhibiting activity. At least two AGRPs were identified in each species. Although these 
AGRPs are all characterized by a high content of arginine and glutamate/glutamine 
residues in their N-terminal sequences, they differ substantially in their translation-
inhibiting activity. Probably specific sequence requirements exist for the translation-
inhibiting activity. The chromatographic behavior of the AGRPs from the sponge gourd, 
the bitter gourd, the winter melon (wax gourd) and the pumpkin is similar, being all 
adsorbed on Affi-gel blue gel and Mono S. Their chromatographic behavior is also 
similar to that of type 1 RIPs. 
In summary, the work described in this thesis has revealed the presence of 
AGRPs with translation-inhibiting activity in the seeds of four Cucurbitaceous species 
(bitter gourd, sponge gourd, winter melon and pumpkin) and the presence of a novel 
type 1 RIP in the seeds of one Cucurbitaceous species (the hairy melon). The results 
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